+ of Australian*eoal each per day ог 800 tons per month; ОТГ they 
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While it may be true that the testing of fuels under Бордо 

gives only approximately comparative resulla, nevertheless gre 15 

degree of accuracy in assumptions such пе Hat of Bazin. полок 

the practical ‘steam-making capacity of а combustible туба to 

two-thirds of ils found healing value. "This сараеНу may var from > 

per cent with the best anthracite down lo 40 por cent ог eveniess whe 


INTUODUCTION. 


a-highly bituminous: coal is used. "Phe type of plant, ihe iuran 


; s A ; 
and other important factors must he considered. ‘I he error in соли А 


“that a coal high in evaporative power is оп thal account the пе! eon 
“and conversely that а very cheap fuel necessarily mast be cheap in fs 


long run should be guarded against. ‘The most satisfactory way IF 


‘which а correct conclusion ns to the respective commereinl values. ol 
. different coals can be arrived al is to make lests and then epmp are their 
-performances as shown below, < 


“where is no doubt (hat sleam vessels can successfully nse sor ле of the: 
Philippine coals. -FE others are too high in volatile combustibl a walter 
they unquestionably can he employed by mixing ето with а certain 
‘amount of Australian eoal and thus foo rapid gasifienl ion be pr evented, 


The Coast Guard and interisland ships now burn он fhe average > 20 lar. 
` replat 


а Rev. gen. de Chim. (1904). 7, 91; Цех. in J. Ат, Cher 


"27, 1233. 


^i 
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all or two-thirds by Philippine coal it would require only n simple 
ealeulation from the following data when the prices рег ton ave known, 
lo determine the difference in cost. 

L know of but one trial of the commercial value of Philippine coal 
where cnnplele data of the tesi were kept. This was made about. iwo 
years ago at the Philippine Cold Storage and lee Plant, The test was 
ng conditions: the resulis 


as satisfactory as possible under the e 
exceeded the anticipations of {hose in charge of the test aud seemed to 
indicate “Ия equality with many other coals оп the Manila market.” 
However, dhe grales were not adapled to the fuel and nmeh ineon- 
venience was experienced because the deerepitated coal passed through the 
grate with the ash. Toward the end of the test. this ash was burned 
over retin and after the second burning the analyses of this Bureau 
showel it to contain 62.6 per cent of combustible та ее. No com- 
paralive tests were made with other coals, 

In 1904 tho United States Army transports Chukong, Saeramento and 
Pataran wade runs on Balan coal and the reports in ench саке were 

таме, ‘The coal was easily fired, it burned well, the amount of soot 
comparatively small, there was no great quantily of smoke. the 
at or. ash was low and there was no clinker. 
со ojeet of the following investigation was fo delermine the steam- 
ny valne of the coals of the Philippine Islands, as measured by 
dof water evaporated per kilo of fuel when used under 
траге d with the foreign coals offered оп the market in this Archipelago ; 
has al so been my purpose 10 make a сотратайке study of (he individual 
onis ae: well as fo convert into useful werk the geenlest possible per- 
стаде of heat unils contained in each, Careful and complete тосох 
Jaye been preserved of cach fest: therefore it should he possible. for 
engineers do determine from the data whieh are given. whether or noi 
the соп оля were those best suited to the соп} under examination and 
ished for these coals, these tables wilt form а hasis 
of comparison not only as in the water супрога per kilo of fuel, hut 
also in regard to the waler evaporated per peso of [mel cost. Ти eom- 
mercial operations the all important question is to find the fuel whieh 
will run n plant with the least financial outlay, 

А sin grale was tried for some of the coals and an effort has beon 
made ta use a method of firi g which would give the best results. Ag 
the supply of material al my disposal was limited. except in the ease of 
Australian coal, only а small umount of preliminary experimenting 
could ве dane fo determing the best practice in regard do firing and to 
gain information regarding the Гис] before beginning ihe test. Ан 
engined always needs experience with a enal to burn it in ihe mosi 

manner It will be noticed from the tables thal in some eases 


\ boiler, as 


“The Көк Eastern Review, Јантату (1908), 


© 
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the сТеюису for the second vun. is slightly higher than that for the 
first, showing the benefit of the first day's experiencez however. in no 
ease is the differenee much greater {han the possible error fram other 
sources, Several preliminary trials were made on the coal regularly 
used here for firing in order thoroughly to dest the working condition of 
the apparatus. 1 would haye been. very desirable to have had dupticale 
delorminations of the sleaming quality of each enal, Imt this was nol 
always possible with the supply on hand: nevertheless it is believer 
tbat all the regulis are complete and suffieiently reliable to show the 
nature and indieate the real fuel vatue of the eoal: in fact it has тосе 
been shown * that more than one test of a coal is superiluons. Seventy: 
seven first teslis gave an average efficiency of 66.05 and seventy-seven 
second tests an average of 66.02 and thirty-two third tests one of 65.87. 

It is evident that promiscuous tests made under different conditions 
are not at all comparable, for it would he impossible £o discover whether 
the variation was dne to the fuel, the apparatus or the manipulation. 
However, in the work done at this Bureau many faetors have been 
eliminated by using the same plant + and the same personnel ; fhe others 
have been carefully controlled hy using the same apparatus and main- 
taining all manipulations and general conditions as nearly uniformly 
constant as possible, exeept where a change in the second dest was to the 
advantage of ihe coal, With the variable factors eliminaled, the coals 
ean be directly compared. 


DE 


CRIPTION OF APPARATUS AND METHODS EMPLOYED. 

АП instrinnents used were carefully standardized and every. proean- 
tion daken to prevent the possibilily of error, As the nature of the conls 
to he bmued was во entirely different, two sels of grates were provided. 


The one was of plain, single bars 1.5 eentimeters in width and. eonstrneled 
to give an air space of 1.2 centimeters between cach pair, op a ratio between 
air space and grate surface of 20 {n 45. The other, constructed for these tests and 
used with some of the селі, was a perforated grate with round. t 
1.25 centimeters im diameter the top, the smallest dimension, 
per square decimefer and giving a ratio between nir space and rale surfi 
of 18 to 45, 


us 
"m 


The two boilers shown in Plate T are exactly alike, the following 
description applies to both; however, with one exception, the tests were 
made with the one on Ше right; ther can afford only добие as to the 
efficienev of the boilers. This was not sought, for {here are по means af 
comparing the boilers with others fired with Philippine coal. oy perhaps 
with themselves under different conditions. The boiler was thoroughly 


? Breckenridge, Та P., U. N. G. Я. Вий. (1007). 325, 32. 
«Тһе losses through radiation and eonduetiom do wot vary greatly for any 
given installation, 
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all eases used on (he previous 
heated, and it was under full 
fhe actual 


cleaned before beginning the test; it was in 
dav so that the brickwork was thoroughly 
steam for some time on the day of the test before heginning 
ron, ‘Phe gauge glass of each boiler was graduated into millimeters anil 
calibrated independently with water at 30° С. ‘These data were used to 
correct the water level between starting and stopping rather than hy nse 


of the pump. 


BOILER: 
Kind, Babenek and Wileox. 
Nominal rating, ТА horsepower. 
Турс, water tnhe. 
‘Tubes: 
Number, 48. 

: external, 10.18 centimeters, 
Minero internal, OAS contimeters, 
Length exposed, 42.67 decimeters. 

Drom: 
Diameter, external, 8.15 decimelers, 
Length, external, 584 decimeters. 
Waler-heating surface. + 
ОГ thee 
OF drum 


TISS 


(ngu 
пей dial. 


Yolal .... e EE — 
Stoam gauge, Asherofts, geadnated to 5 poids on а 12 


FURNACE: 

Hind. Haud. fired, 
уйлой, { ont, 12.2 decimeters. 

1 devimetors, 

Width, 9,10 decimeters. 

Flue connecting ta chimney: 
Length, 183 deciueters, 
Calorimeter, ADA square decimeters. 


dirate; 
Aiud, gridiron har or perforated ая best adapted (о Ur in- 
Шия? oral, 
Width, 8,80 de 
Length, 15 decimeter: 
Акса, 151.2 square deeimeters, 
Ralio of water healing surface to grate surface, 35.7: 1. 
Ситилет; 
Diameter, internal, 12.2 decimeters (4 English feet). 
Height abore gie, 30.5 meters (JON Bnglish feet). 
Area, 38,33 square decimeters. 


melers. 


gh in all eases to give the drafl necessary 
m used. 


The slack was high er 
for the coal in the cond 


Draft. natural. 


We have no economizer, 
The exhaust main passes through а 200-horsepower Walnewricht 
сусп-Пож food-water heater. 
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During all of these tests (ће sleam was used lo operate a large duplex 
steam pump, to drive the engine whieh furnishes {he power lo operate 
the air compressor, the vacuum pemp, Фе refr 


geraling machine and 
mans small motors, eie, for Ше laborafory and lo Supply Hve seam 
throughout ihe building, Al first ГО intended. do take swileh-hoard 
readings, but the idea was 


РА 


гез пр ая impraclieablo. Owing do the 
intermitlent use of steam for other purposes such readings would neces- 
sariiv he incomplele; but in Plates 71 lo VEL, | have given Photographs 
of {be volt meter and animelor indicator diagrams. Аа estimation fram 
these shows that an average of ahont 60 per cent of the води produced 
was used by the engine, and 40 per cenb for other. purposes, including 
that condensed by radiation from the pipes. "Phe equivalent evaporation 
per indicated horsepower was assieme де 95 kilos of water, because af 
the light and variable load of the engine, 


The portable drop-lever Howe scales used in making Ње у 
folly standardized and found to ће covet; the mefer was filled with я 
and regulators se that it was calibrated from tine (o dime ћу пећи у w 


the waler pas 


things were enre- 


R 
mg through mmer (ће same head аз it wne fed iuta {һе boiler 


Tf 
nb, iT would affeet alike alt the tests И 


Amd no error was at any | 
there was cht error, bein 
therefore ће nepligible in g dain for coun 
feed pomp wes гип intermittently amd always 

perature of (he waler entering the boiler from the heater was sofern 
pon the pipe just ad: 
mparins will the test ; 


е detected in the vegistrafinns ef (he me 


ЛИ 


Пе hoiler 


rative purposes, 
ае, The jem- 


the sane 


for ¢ 


readings of a thermometer placed in a thermen 
fo the boiler, Whe steam аниге were tested ћу с 
of lhe Croshy ат Gauge and Valve Company, по standard instrument ina 
factured by Schiffer & Budenberg, Limited, and (hat used by the сну boiler 
errors were jn the 
Са preestire of 20 pounds per square inch hy вет 
The damper was controlled by a lever passing 


inspeel, onl tial seHing of dle needles, These Та 
all enses were corr 
trial wilh n column ef mere 
over a eriduated segment, 

The chemical thermometers were of 5507 
the Phusikatisch-Teehnische Reichsanstelt in UY 
peratnres of the fue gases were rend from а high-grade merenry thermometer 
which was calibrated from these. ‘The nseal U dube, or inverted siphon of 
water, draft-gauge was used. One arm open to the atmosphere. amt Ию 
other. by means of the proper connections was inserted into the a af? fo be 
lestel. ‘The ал Нев of reading the gauge were reduced do 5 n ри by 
the looking-glass seale, ‘The latter was accurately divided into millimeters ва 
that the error of reading was not greater than few units in the «есю. 
The scale was movable, which greatly ited fhe reading of it. 

А Burrus’ continuous, surface condenser calorimeter was on hand Тим 
eral of the fests to determine (he moisture in ihe steam. Steam nearly 
carries water with if aud Вия the boiler is credited wilh having ec 
Ну the case, Powever, the results recorded dn 


сардейу. and were calibrated ћу 


оомо, Germany, "Che (om. 


oraied more walor than is 
Table 17 have not been corrected for this since } was unable te determine the 
factor for nl. 1t will be seen from the following fable (hat the hoiler of this 
Bureau produces steam whieh is very uniform in oa His aml as the results 
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of the tests are intended [о be comparable only, 16 is permissible io omit this 
constant correction entirely. Jt was not convenient te attach the Torimeler 
vlose to the boiler, ТЕ wns attached to the steam. pipe 2 foot away and owing 
to the radiation from this pipe, even though all parts were well covered, the 


amount of moisture may be somewhat high. 


"he readings were made on set al days during the firing of coal 
from three dilferent sources and at diferent limes of day, so that ihe 
greatest variations of load are represented. These readings are shown 
in Table 1. 


"лш. T.— Steam eulorimefer readings. 


кы ERE | 
Readiugs of 
. Time | Steam. | thermometer, 
Date, 1907. after | gauge |- 
starling.) pressure, 


Upper, | Lover. 


Tune 19. 


June 2... 


PEL 


dune 21... .... 


го 


July 15 _.. 


July 16 ~-------++----) 
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aft 
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; 

` 

i 

i 


Ки. d. 


The apparatus consisted of ди iron gas pipe of. LS coutimelers iuternal dimo 
«ог, passing through а suitable йхїптє attached (о the shell of the chim 
nli meters 


long enough Чо extend across (ће flue snd leave a few ¢ project 
The Pune end was enpped and fene bales L5 millimeters in d 
boreal, one 7.5 centimeters From ench wall of Фе due and the other two у 
the intervening dislanee into thirds. ‘The (wo end hoka were slightly enkirged 
(aboni. #2 millimeter) fo counter һайипес the increased draft in the middle of 
the chimnoy and the inereased suction in (he middle of the sampler wher the 
gases were exhausted. А piece af glass Тибо was fitted into (ће open end of 
Lhe jron pipe. hy means af a tightly fing Ting. ко that the end would reach 
do the middle of the perforated. pipe. The apy 
have light joints. The sampler was inserted indo the flue and the gases drawn 
of through the gl ет ‘The hola were placed away from (ho veurtent Че 
prevent. their being filled with soot, Ав aspirator was eonstrueledl ef a large 
bolle filled with the necessary siphon Tubus, 


aveler were 


Hus was (ested and proved to 


А concentrated salt solution was used in th 


saspirator, Tt is realized 
that since the gases are somewhat soluble, this is nol as aceurate as (heir 
collection over mereury, but. is probably as accurate as the sample itself. 


7 Altenlion has been called (о the fact thal samples taken with an прочие 
similar to (his compared very favorably wilh d laken with the sampler 
an Society of Meehanieal Engineers. Г. S. 


yecammended Бу the Aime 
р. г. 48 (1900), 2, 311. 
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The solubility of carbon dioxide, the most soluble of the chimney gases, 
is shown by the following dain: 


Carbon dioside was bubbled for twenty-four hours (тотен water and n salt 
solution npder identical eomditions, at 28° G. and nÜmospheri? pressure, Mor 
ereh part of waler, 0.649 volume of gas was dissulved, while the volume for 
each part of the salt solution was only 291 per cont of this amount. There ean 
he Tittle doubt that these are the saturation values, for that obtained for water 
agrees remarkably well with the sesulls of other. investigators. Catenlated from 
the interpolation formula of  Naceari and Pagdianis «15052-6005 
+0.000201777, the value for water is 0.0 


The chimney gases were never bubbled through е sall solution and 
wore im contact with the surface for a shori. lime өшү, so ihai any 
error must be slight. ‘The same sali. solution was used throughout the 
experiments and after several months intermittent use and exposure fo 
the air contained less than 2 per cent of the saturation. value for pure 
waler. 


пе exposed сна of the gtass tubing of the sampler was attached (о the 
aspiralar, the siphon started and the gases gradually drawn off. ° Between the 
aspirator and the sampler a Fresenins tower filled with enlton was imposed to 
remove {һе soot. By means of pineheocks fhe removal of the Лис gases was 
maintained at д constant vate. ‘The aspirator was removed at will and а new 
one put in Из place, This epernlion was вон не for any mimber of sue- 
cessive hours, The various samples of gaa [hus obinined were атаула and 
reported as the average for that period. The lyses were made necording to 
standard chomical шо люда, "The absorption medium for oxygen was ап alkaline 
pyrogallol solution? 


The nneonsomed constituents of the flue gases—riz, carhonie oxide, 
hydrocarbons and &oot-—may at times Бе great and represent а eonsider- 
able percentage of the calorific value of a coal. ITowever, the only 
combustible gas delermined was carbon monoxide (CO). When this 
gas js found in any quantity jt is фино. probable [hat hydrogen. and 
hydroearhon gases are also present, bui because of tho ЧИВен of 
determining these im small amounts their percentages have поі been 
ascertained, 

Chemical analyscs,—Nitrogen in the coal was determined by the regular Kjeldahl 
method and all other analyses were made according (o standard chemical methods. 

Determination of tho culorifie value ој the conl.—In the caleulation of the 
enlorifie value of the conl from the ultimate analysis, Dulong's formula in the 
form as given in 1889 in the report of the Committee on Coal Amalysis,® appointed 
by the American Chemical Society, was used ns follows: 


Calorifie powerzz8,080C-F-34,400(11— 10) 4-2,2508. 


5 Gazzetta chim. ital. (1880), 10, 119; Atti d. R. Де d se, Torino (1877-88), 
15, 279. 

*ft has been maintained (Franzen, И, Ztschr. f. anorg. СА. (1908), 57, 350.) 
Since this work was done that this is not а sati netory absorbent for analyzing 
gases where oxygen is present їп large quantities, for the oxygen nets on the 
pyrogallo! solution producing carbon monoxide (CO) which remains in the 
gas-rest and changes its composition, Alkaline sodium acid sulphite is tecom- 
mended. 

J, Ат. Chem. Soe, (1899), 21, 1130. 
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The determination of the enlorifie value of the содї was made in а Becthelnt- 
Mahler bomb calorimeter under a pressure. of 20 atmospheres of oxygen, The 
constants used were Chose which had been carefully determined for previons work 
and the corrections for wire fused, nitor, sulphur, ete, were made aceardinge to the 
usual methods, 

Color of те smoken jndging the color of the smoke fhe standard Ringel- 
ainsi а clear sky and Ия 


mann scheme was followed. Тре smoke wns observed а 
color compared with the effect upon the eye of n 20.verlimeter square, bheekande 
white grating hold at 15 io 20 meters distance, Ре VIED isa photog iph of the 
andard charta used, No. P is the pure white paper, amd No. 6 in the series 
is entirely black; hence cach intermediate proportion corresponds to a 20 per 
cont range. Plate IX shows а small section of the upper left-hand corner of 
each grating drawn to the ехлећ вене. 


Method of пир 11 was found that all of these coals, exeept where 
there was a large amount of clinker, worked best when fired in small 
quantities every fonr or five minules with spreading sloking. 

Method ој starting and stopping. —The atlernate method was used, 
that is, the boiler was thoroughly heated by a preliminary von of an 
hoar or mare; during the last twenty minutes or half an hour of this 
time the fire was fed with the coal to bo tested, then allowed te burn 
low, cleaned, left level and the amount об live coal Jefi on the grate 
estimated. At the same time the pressure of steam. the water in the 
boiler and other. observations were taken, and {he time recorded as the 
starling time. Fresh спат which had been previously weighed was now 
fired and the ash pil cleaned immediately, Before the end of the trial 
the fire was allowed to burn low, just as before the starl, again cleaned 
and Jeff in the same condition and with the same amount of coal on the 
grale as at the beginning of the test. This stage was recorded ag the 


stopping time. 
The temperature of the fire room was not recorded, Бесике in the 


tropics fire rooms are so constrneled that when in use they are entirely 
open and are practically ihe same as if the slationary boiler had merely a 
roof over it. ‘The fire room temperature may be taken as that of the air. 
The ash represents that actually removed, It was nob practicable to 
recover the ash carried over the bridge and into the flues. 5 
The individual fests give fhe other сол Царе governing. the trials 


J have heen guided in reporting the data and the results of these evapora- 
lion tesls by the form advised by the Boiler Tesh Committee of the 
American Society of Mechanical Engineers," and have made these as 
complete ав possible to enable anyone to make whatever other enleulations, 
he máy desire. 


тї 


"Phe following tables give the complete data obtained during aud enl- 
culated from the various tests on eoals mado in this Bureau: 


и Code of а, Vents Mechanienl Engineers! Pocket-Book, New York (1903), 
690; Unir, of JU. Bull, (1906), 3, 21; International Library of ‘Technology 7, 
36; ete. 


Tani: 1—Steaming tests of Philippine conis and others ajfered for sale on the Manila market. 


(The black-faeed figures over columns are code numbers of the American Society of Mechanical Engineers, | 


| | Н ; Average mer- Avernue stonn Average steam 
| i | i lwrometer: pressure by | pressire 
| | i | teuding, vg nbsolnte*— 
Р Commercial size |p т | де ~ 
| Source of coal. | OL coal. ; Date of We wel: | ` | "m Ped Rm GER ` 
р | i d . Milli- ' ~. хате 3 square | ж. 
! i meters, Meme un | cent. ^O e ! 
| meter. eter. TA 


Kilos 
ns 


| Australia: 
Westwaldgends., 


June 20.1907 ` Perforated 
fune 31, 1907 
inue 


Чо 


и 


| 4 1, Kiusiu Island : Apr 22.1908 | D р = 
|i Yubari Hokkaido Provinee) .. May 28.1048 : = 
` R. Borneo, Labuan — July H EI 
July 16, E > 

+ ия 


i 
Pon - Lamp an 
| a6 ! мо. 
Е | Cebu, Comansi naun- 
18 BER 
бошо, 


70 | China, Hon 
| 


Footnotes foilow ut the end of the tablo, pp. 317, 218. 


Tarte H.—Stcamíing tests of Philippine coats and athers njered for stle on the Manila market —Contiuued, 
[For source and commercial size of coal, date of trial, kind oi grate це, and duration o£ trial, sen p. 711.1 


Specie gravity 
vi the coal, 


T Я i E 

| Average foree of | ; 
Ата in ur Average temperature j Proximate analysis ot the сол.» 
| meters of water. | 
PT botes i ще ЈЕ Mater Fon) water "T ` моћи [ ! Color oí ash. | 
test. Se tn ash ; Externat! ЗЕЛЕ. E entoring FURS Fixed ` vum. 1 
1 pit. : air, 5 погине bojler trom „96 earhon.  bustiule | 
гапа boiler, | lated, heater. heater: matter, ; | 
1 1 ` X 
i У bd 
n m : X! 
Ц D 


| Piukish gray 


12.99 
1.2 
1.29 
Ха 
131 
122) 
Im 
ый 


"es 
ed 
Іх 7 
10.01 


Variable. 
Varinbie, 


Average 


Do. 


average 1.10. 


avernge 1.92, 
average 1 


able, averse 1.30. 


132, 


Footnotes follow ut the end of the table, рр, ` 
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TABLE IT.—Steaming tes 


s of Philippine coals aud others offered far 
[For source and commercial size of coal, date of trial, kint of 


sale on the Дан mark 
grato used, and duration of trial, 


see p. SLL] 


t—Coutinuel, 


Ultimate analysis of the coal, 


оли 


Calorifie valne, зу oxygen 


[ 


| 
г e 

calorimeter, | Со as tired. 

i 

H 


Dey coal: consumed, 


Per square deei- 
meter oi— 


зраз 
1.08 * 


Liz, 
1.14 
5.18 
NC 


Е Calories. . б 


lories, ; Calo, Kil, 


5,014 
Dn 


фин?“ 
A. ze 
4.051 А 
тии. 
18,717. 


ILIA 


ОСА 
1,4 


= 2 ; аз Асей, : Е ВЕ : Per 
1 1 КҮШ Ad ї j Total yg. end Ke 
| | is i ЊЕ i н iriace ; Water 
Carbon, | Hydros | охе | et. Lëtipbm ash | Conas conle | | Per | per hour! heating 
|, Kl atom КЕ ane о Е fired, xo hour, НИЕ ие 
i Н | | | ! 50 i 5L ; tay те їз OQ рег hour, 
| ; А у аз Kä : Е 
| 


9,0116 
"eie 


[1:571 
АШИ 


ANT WL 


SY зүр 


Footnotes follow at the end of the table, рр. 21 


Ти IL —Stcaming fests of Philippine coats and others offered for sale 


on the Manila market —Continued. 


[For source and commercial size ot coal, date of trial, kind of grate used, and rial, see р. 311.7 


Average 


! Ver hour. | Per kilo oi— 


т 
| Equivalent evaporation of water from and at 100° С. ! 
| 
| 


Per kilo астау 
consumer s— 


| 
Por square | | 


i Kilos decimeter oí, Coal as | Dry | Combis. i 
(93: | wacer-heat- ` fired. ; сон, | tible. © 
ишсе. ` ue 
| | ing surfae аба 
| БЕ i 
! то 


value Гог 
the tem- 
р 


ните, 


` Prevailing wind | 
during test, ` 


State of the weather.) 


Direc- 
tion, meters 
per 


hour. 


DER 
ОСТИ 
6.42) 


GAN: 
1 i 7,106 M 
5.08 па. 


о (gusty winds), 
: © gusty winds at intervals), 


Footnotes follow at the end of the table, pp. 317, 215. 
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FUUTNOTES TO ТА. 


DH, PF, z1]-5]6. 


arometrie pressure was taken uniformly equal te i.t 
by Мг. H. S, Walker after Ше method of Cox, This Journti Ser 
Calculated from the proximate ан. 
“This does пот inetude the ash carried over tbe bridge wail. 

* Analyzed by Viveneto according 10 standard methods, 

Pressure and the temperature of the teed water mart be tons 
lozrams рег square centimeter (105.2 Ibs. per sq. ша is 6044 


! kilograms per sq. em, (1 
1. (im 


T Ibs, per ва. ito (Heo inches in mercury t. 
. 9, 41. 


dered. The tota] beat ir calories from water at 0* С. of the saturated 
nd that of the reed w These together with tie kilos of water, 
е» 


steam at 7.116 


S,961.5, fed to the boiler, Rive the equivalent from and at 100 С. at atmospheric pressure as 


factor of evaporation) X $.661.5 — 10,528 kilos, 536.5 


Calories being taken as the latent beat of steam. Рог convenience these numbers are taken from Peabody's "Tables of the Properties of Saturated Steam,” 

which are generally Accepted by engineers, They may be calculated from (ac foliewing formule on which the greater рагі of all tables ік based: 

ty, Кекпашц. Мет. de ГАсай. (18471. 21. 

-5028r— 6.00319 £r 00006084 (Winkelmann. A., Wied. Awn, (1880). 9, 205, 258.) 

— 0.31521 — 0.002214 712--0.0n000814 (Winkelman. i 

where у =the total heat of saturated stean: through which the liquid at 05 is change? into steam: at ару temperature f^ and where г. 

Aurated steam, tbrouzh which tbe liquid a any temperature f" is changed Ицо steam ar f", 

15.65 kilos of warer evaporated per bour from and at 100 С. equals 1 horsepow 
= Caiculated irom the composition of the ash and the clinker, the calorific value of pure carbon and the fuel ratio and the calorific value of the coal. 
"ретше sky; с = cloudy Sky: O=avercust sky ; Tain, 
` This is the laboratory fuc] {urn пей by the Bureau of Supply. It ts “double-screened and picked twice.” It was purchased on Circular Proposal 

` 248 ага contract price delivered in Manila, piled in the coal sheds and Yards of the Civil Government at 120.75 рег ton of 2,240 pounds. 

“The tendency of native firemen is to scatter coal high ard iu most of these tests there is undoubtedly neediess smoke as well as some loss of heat 
encrsy. ln this test exceptional effort was made to prevent the formation of smoke. In spite of the fact that this is lump coal whieh always produces less 
smoke. the percentage stil] remains high, which indicates that it is impossible te burn this Australian coal with our setting without a considerable production 
of smoke, 

1 About 4 рег cent of & soft incipient elinker whick falls to niec 
™ This test sho 
evaporation and at tim 
" Tle clinker als 


ће latent heat of 


in dropping год: the door of the furnace. 

the personal variation in firemen. A new man WAF рот on. ht could not keep his fire regular and the result was а somewhat low 
high chimney temperature d low steam pressure. 
contained 0.3 per cent of moisture and 5.1 ner с 


of volatile combustible matter showing that some coal was mechanically 


“ТИЕ соді does not represent the ve 


х for it had evidently lain ір the tunnet where it had been water soaked and considerably silted over. The ash 
conten: and clinker-forming ability are therefore hich as compared with the гип of this coal. И was very difficult to obtain ap accurate laboratory sample. 
The ast shown by the chemical avalysis iw considerably less than that of the coal actually fired, 

PIs the use of this fuel, the coal он the grate wa not disturbed from start te finish. Jt war alternately semi-coked an 
result is more complete combustion, lower chimacy temperature, and greater evaporation. 


* Spread-fired, and the 


IN MLE ted 


Td SY Sin 


1 


218 


а Practically no smoke (under 10 рег cent). 

7 This actually gives a negative value due to the oxidation of the iron, 

а The test from which these data were calculated tor purposes of comparison was made at the Insular Cold Storage and Ice Pig 
Review (1906) 2, 223. 
9 square decimeters of grate surface, 165 per cent air space. 
* 18.580 square decimeters of water heating surface. m 
+ When the preceding numbers are compared with this they should probably be increased by a few per cent. Experience has shown that the 
larger the plant the less the loss due to radiation and that unaecounted for, asd the water apparently evaporated is theretore larger by this amount. 

* On December 4, 1906, the Marita Electric Railroad and Light Company made a 21-hour evaporative test on their boilers under regular operati 
condition with a mixture of Chinese aud Australian coal using 19.756 and 20,402 kilos, respectively. The following day ander as nearly identical eondi- 
tions as ро: je a 24-hour evaporative test was made on Australian соМ alone, They report that when using tbe mixture it was necessary то yet 
assistance from one of the banked bollers when cleaning the fires and that during the peak of the evening load. straight Australian © al was used. Since 
the object oi these tests was to determine the relative evaporative power of the two kinds oi fuel, and sinse a poor coal owing to phystcal conditions often 
burns better when mixed with a better coal, it is at вазе fair to the Chinese coal lo саке rhe proportional part nf the test on December t, correcting for the 
amount of Australian coal used on the basis of the test of December Data obtained by dilference are never as satisfactory as direct data, but since Û 
have not been able to make и test of Chinese coal aud our information with regard to it is meager, it is thought that these data will give а fair idea of coal 
from this source and will represent in a general way the quality of the coal which may reach the Manila market from the China coast. 

= 737.5 superheating. The following calculations and resalts are based оп the assumption of no superheating, for in the above tests this heat was lost 
through the stack. Recent investigation has shown that the specific heat ог superbeated steam is not constant. that it is approximately 9.55 fer 557.5 C. 
(100° Г.) superkeat and 0.15 for 111° С. (2007 F.) superheat. Using these values, 93 per cent of additional fuel was saved by the superheating to the degree 
named. 

7 The temperature was reduced {о this value by the use ot à superheater. 

в The data of the Manila Eleetrie Railroad and Light Company, show 3.00 ior coal from Wescwaldsend, Australia 
than my selected sample and 10 per cent higher thun my average sample of the same varlety 
Using the values given in г, 11 per cent additional fuel was saved by this amount of superly 

1 am indebted to the Weather Bureau for the detailed data regardius the weather. 


nt, Far Eastern 


which is 4 per cent bigher 
fn their test of Australian созі there was N2°.2 stperheatin, 


816 


"XC 


Ташев 1П,—Иса# balance or distribution of the heating value of the combustible, 


|| k 
пољу | Australia, Lieh now} 
Valley. 


Tapun, Yoshino- 
tani (Karatsul 
Kiushu island, 


] 
Git, Weste | Austeaiie, Wi Australie, Li 
Walsend, walsend. Yall 

i П 


| Source of the coul n.. 


mi slack, | 


1 
Selected jump. — Lump and slack. 1 Lump 


` 

4 d er " i DUE v e 

Fac | Per | смо | Ter Cale ! Per f Calo- Per 1 Сан Per | 

| actors. | cent | ries | eent. | ris. | eunt, ries, | cent. | ries, cent. | 1 
l | Н H S TEMP лоз, 
EYE Е: ed БЕК + i. = = i 

1. Heat absorbed by the boilers | 4,390 56. 3,050 : 
5 


2, Loss due to molsture in the соп» 5 
3. Loss due to moisture formed by the burnin of 
hydrogens n... 
+ Loss due to hent carried aw 
| gases, 
| 5. Loss due to incomplete combustion of carbone. 
6. Loss due to combustille in ash and refuse 
т. Loss дос to unconsnmed hydrogen and hydro- 
carbons, to henting the moisture in the air, (0 
radiation and ntmecounted for; some of thesc 
losses way be separately itemized if data nre 
obtained from whieh they muy be euleulated, __ 


36.55 E и] mon" 
9.00 | moi iss! 
2.91 | 4.41 i ан 


Тон _ 
Total heat уште of 1 unit of combustiblc.. 


Footnotes follow the table on np. 321, 322. 


мапа SY SIYOO амаагина 


DIr 


No.of test 


Tanie UI. Uert balance or distribution of the heating value of the combustible Continued. 


Souree of the coal 


+ Japan, 


Province. 


Коспсо, 
Labuan, 


lump. 


Calo- 
т 


„ Hent absorhed by the boilers. 


. Loss due to nioístnre formed by the 


. Loss due to incomplete combustion of 
i. Loss due to combustible in ash and тей 
. Loss due to unconsumed hydrogen and hydro- | 


Loss due to moisture in the coal? — 


hydrogens. 


. Loss due to heat carried away in dry chimney | 


gases .. 


carbons, to heating the moisture in the air, to 
radiation and unaccounted for; some of these 
may be separately itetnized if data аге 
а from which they may be calculated -. 


з 
EAM Воглсо, 
+ j Labuan, 

Yon to Sump. 

| Per | Calo- | Per 

селі Tics. ' сет 


2,48 


22 | 


Рег, 
1 cent. 


' 11 


Ваал Island, 


patan Island, 


Milita Military jMilitiurs Reseryn- 
Reservation, | Reservation. | tion, ясли No. 4. 
Lump and slack Lamp and slack Lump and slee! Lump. 
س ا چیھ و ی‎ еј, тт 
Сићо- Per | Calo- | Рог Calo- Ler Calo- | Per 
tories. | cent. | от cent. | ries | есш, | ri eent. 
| уз Е Е 
| EM 9: 
41.04 | 2,590 37,16 | 771 52.15 
0.65" d 47| 0.66 51 0.70 
i i 
1 
' i 
2.79 i 129; 179 133 ! 1.87 191 2.03 
H i | 
1,202 | 17,07 | 1,276 17.75 | Lem 19.95 
0 0.00 | E 5.0 3.06 
ска 9.70 | | 28.061 1,045 | 11.66 825 11.4% 
| 
| 
1 
730 10.09 
me csl 


Footnotes follow the table on pp. 321, 322. 


~. 
ә 
5 SE D 3 
c—À 5 —— = => Go, уза ; ы i = 
No. of test- 14 | 15 16 | 17 18 : I9 H 20 ! 
rer Reser | Batan Тита i | | China, Hon 
5 Military Кекот- Butan atan Islund, Сиро es ice V se " China, Hen. | 
Source of the coal I vation: senum Wette. » Cebu, Comunsi. | Cebu, Сотви Polillo. pong 
No.4. i H 
pem ie ^e = ee Leier si | = 
tommercial Sir _. jump. Lump and sia Lunp. Lup. | Lump. 
E I Culo- ! Jur isl Ter Calo | Pet смо. = 
Factors, | ris | cent | ries | cent. ris. i eent. ^ ries. | = 
| 1. Heat absorbed by the boilers 3,923. ml ал 5110 3.412 | fæ 
| 2, Loss duc to moisture in the coal ad 0.08 ll 2 в! 1 = 
8. Loss due to moisture formed by the burning of : | | | Le 
hydrogen: _ 187 | ane! 7F Lë ву тат = 
4. Loss due to heat carried away in dry chimney : | 2 
gases! _. m PR Тани | wer! oui 1172 i i я 
5. Loss duo to incomplete combustion of carbou” 0.371 — 65 | 1,08 65! 1.061 ре 
- Loss duc to combustible in ash and теїпєс.......... ъз} mu 668 74 |. па м 
Loss due to uncousumed hydrogen and hydro- | } | | 5 
carbons, to heating the moisture in the air, to i | | ` Е 
radiation and unaccounted for; some of these H = 
losses may be separately itemized if data are ou- E 
tained from which they may be cuteulated__----- Ы 
та с л: d éi d 
Total heat value of 1 unit of combustible -.._... 


* This value in calories =the water evaporated from and at 100°C X 620.5. А 
» This refers to the hygroscopic moisture only. The Joss in calories W [100 —1--636.54-0.48 (T—100)] where W is the per cent of moisture referred 
to the combustible; # the fire-room temperature and T the temperature of the flue gases. 
© This loss in calories-- 9H 1100—£4-526.6--0.48 (Г--100) | where H is the proportional part by weight of hydrogen in the dry coal. 
“This Joss in calories=the weight of the flue gases per unit welght of combustiblex0.24 (7—1). This value 1s only approximate, as (he sampliug and KE 
the reading of the temperatures of tbe chimney gases are liable to considerable error. For this reason, ах well as for the fact that there are many factors 


ibat can not be determined, the heat balance itself is only approximate. Whon the uitimate analysis of a fuel is known, from a knowledge of the products 

of combustion, the air required with no excess for complete combustion is easily calculated. When there is more or less imperfect combustion and more or 

less excess of air entering а furnace the problem of calculating the weight of the flue-gases per kilo of combustible becomes mare complex. A great many 

formule have been proposed to do this, but they seldom agree well, owing to the inaccuracies above mentioned. Kont, Steam boiler Economy (First Ed.), 
x А 

сокс} ХС where N, CO» and СО arc 

the per cent by volume of nitrogen, carbon monoxide and carbon dioxide in the flue gases, and С the proportional part by weight of carbon in the fuel. The 


32, shows that when the flue-gas aualyisis is known the total amount of alr supplied per unit of fucl is 3.032 { 


weight of flue gases will be onc less the proportional part of ash in the fuel T, more than this, ie, 8.032 { xC+(1—2) where (1—2) is the 


со. esl 
combustible and moisture in the fucl The Stirling Consolidated Boiler Co. (А Book on Steam for Engineers (1906), 182, New York) recommend as a 


с! 
check that the weight of air supplied per unit weight of fuel 11,52 X- 


£172 CO-FOxG 24,56H where O is the рег cont by volume of oxygen in tho 
со: + CO 
flue gases and H is the available hydrogen (11—10) in the fuel. The average of the results obtained by the use of these two formule has been used. In 
: most cases the variation from this was less than 2 per cent. 
co 
е i ies=5,705X —- X € м 

"This loss in calories =5,708X S | o XC whei 

contained fn carbon monoxide to carbon dioxide (caleuiated from tho numbers of J. Thomsen, Thermo-ehemischo Untersuchungen (1882), 2, 52, 283 and 


388) and as before CO and СО» are the per cent by volume in the flue gases, and С the proportional part by weight of earbon in (he combustible. 


the quantity 5,703 is the number of calories gencrated by burning one unit weight of carhon 


05 


PHILIPPINE COALS AS FUEL. 323 


TAHLE 1V.—Observations in detail of the tests of couls from Australia, Japan, 
Borneo, and the Philippine Islands. 

A.—FIRST TEST OF COAL FROM WESTWALDSEND, AUSTRALIA—77 FIRINGS 

DURING 7-HOUR TEST. 

[Test Мо. 1, Table UI 


d { ДЇ Би | : 
Steam pressure; Average сп. | Estos of eani НОВО ` Fi 
i percent Р i boiler 
i p . 
imeafter | sire ll —у-- ТҮЙ БЕ 7 
| starting. i | Dur- | Dor- | и bed 
per base ol ing or, ти ep, after, ing, 
пате Час. | Die | О: | CO pe Total. ; pe- Total, start ing 
поа. ` riod, | ing. . 


Beginning 
ihour...... 


13.0; 


5: hour: 
51 hour: 


at] ool; во | Is, 075 
6; honr: | во | IS, 125 
61 hour: 1 00 : 350 8,715 


7 hours n. 186.58, 901.5, 


Total 
Aver 


[1414 |- 


1.416 105.5 


324 


сох. 


‘TABLE 1V.—Obsertations in detail of the tests of coats—Continued. 


B.—8ECOND TEST OF COAL FROM WESTWALDSEND, AUSTRALIA—84 FIRINGS 
DURING 7-HOUR TEST. 


Time a 
starting. 


Beginning... 
hour. 
$ hour - 
ihour- 
1hour- 
i hours - 
14 hours —. 
3i hours —— 
2hours 
2} hours 
hours .... 


3i hours... 
ihours 
4i hours. 
4} hours .. 


4$ hours ---- 


5 hours n.t 


53 hours ...-! 
51 hours _. -| 
Së hours — 
û honrs 
61 hours ~~.) 
64 hours _._.! 
6} hours --—| 
Thours-. f 


Total 
Average 


meter 


[Test No. 2, Table IL] 
1 ge D p |. 
^ " Average con- j те. " Kilos of 
аеш Me position of flue Kilosol conl 
gauge. $ м: gases, in per cent. boiler 
pera- 
* ture of = | mE due 
ek Вис p 
к Pounds gases, | Dur- | Dur- | 
T s „|со| Ест i ти | 
uae n Oy | со per | Total. . ре 
riod. ! | под, 


| Water ied to | Fire i | 


таса elean- 
| led fire, 
time | 


ммм © 


7.219 


02 | 350 
по | 369 
195 | 365 
ШЕ 360 
102 | 395 
102 | мо 
10 | 30 
из | зю 
102 s 
oa | xo 
os | 30 


10.3 


1,060 


1,120 
1,180 
1,240 | 
1,3 

1,360 
1,120 
1,380 
1,497 
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TABLE 1V,— Observations in detail of the tesis of coals—Continued. 


C.—FIRST TEST OF LUMP COAL FROM ,WBSTWALDSEND, AUSTRALIA— 
79 MRINGS DURING 7-HOUR 1 1. 


[Test No. 8, Table ILJ 


Kilosof | ! 


1 , 
1 
Азездес com- i | | 
i | ®тевїй pressure position of Hae i 05 OU coal water fed to | Fire | | | 
| | капе. той gases, in per eer.) burned— beier- акса.) ! 
ората: P" En ION i ff ka fire, 
| time after = e еј ea Er: : 
starting. | Enos Pounds, guses, j | Dur- ` Dur- i time |! 
per base ol ~ ie ae ing j titer) ` 
епос | запитао, | COs | Os | CO | МЕ | Totar МЕ me 
| meter, | inch под. riod. ПТА П 


ly, т. ка h.m. 


+ 
8 
3 
* 


800 | 
оо 
300 | 
| sop 
И 360 | 
300 
300 ! 3,7 

890 | 4,009 1 
300 4300 1 
300 | 4,600 


8i hours _ 
3i hours 
1 hours 
1: hours 
4; honrs 


85 
| 900 i | 
915 | 200 6,100 
990 : 80D 1 6,400 ;. 


| "i 
i 1,089 
6; hours ‚ 2.125 | 
63 hours ‚1 
| 6 попгѕ....| 7.504 
| Thours.. 8, 
тома „| Nb | 3,216 a» $n. 
Armel 7197 nes жа! Р 
—- E i | 
| 
г 
П 
| 1 
d 
SH 


H . 326 cox, 
de TABLE IV.—Obsercations in detail of the tests of coals—Continued. 
D.—FIRST TEST ог COAL FROM LICHZOW VALLEY, AUSTRALIA—44 FIRINGS 
DURING 6-HOUR TEST. 
Ди (Test No. 4, Table IT.] 
! -— Po = кес, Я 
égen, | Кш eon BIZ, rire 
| г ‘guses,inpereont, ОЧ: boiler ТАКОЙ, (делл. 
ы pera. ; өт lea tir 
i ^ Time after jpg of | Zen PU де 2 , . ed 
\ | аан. Be Ipounds! gases, | Dire Dur- | 
E a i р [gere mE buseof co, | о; | co; ins | тош. p Tout $ 
к : | meter, | ей. | оро. riod. 
: i | i | 1 | 
\ | | ' ! А | ли, | һә, | 
! Beginning.’ 000 
| 2 hour. 
j ^ Г ghour г 
| ue | 
\ | f hour 
14 hours 
1; hours — 
ц hour: | | 
, 2hours. | 
| 24 hours | | i 
| 2; hours 30, | 
! . 93 hours | 
| 3 hours 
к ` Si hou 
5 il 31 hour: 
> р 3i hours 
: 4 hours 
{ 1j hou: 
x i Ai hours 
1} hours 355 200 | 5,450 
5 hours 1,005 | 950 | 5,000 


50 |1,05%5 | 300 | 5,000 
50 [1,105 | 300 ! 6,360 
50 [1,155 | 300 | 6.600 
ЕСК 


3} hours 
M hours 
5i hours 
6 hours 
у Total... K 
Average; 7.906 
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Тавь 1Y.—Observations in detail of the tests of coals—Continued. 


E.—SECOND TEST OF COAL FROM LICHZOW VALLEY, AUSTRALIA—60 FIRINGS 
DURING 63-IIOUR TEST. 


* (Test No. B, Table IL] 


i Ste —1 ; | oat | ХПов of 
| рото oy. | Hate (el, 
капке, | рети. Rasos, in рег сети. ой 
! penc. d 
SC? - P r eet pr ve -- sie- 
Time after | fuc. "au Am р ie 
surting, || kies Tomna! guises GE Dur- Dur- 
square ‚0% бо n. | Total; ШЕ Motul 
Сера ! riol | riod 


| р | Пещ. Am, 


a |" 
| 
| low 


Beginning.. 7.080; 100 
4 hour .. 30b | 
å hour - ` We 
i hour _ 7.903; 108 | 
| lhour- 795| Us | 
li hours. 8. 106 16 i 
14 hours 7.312 | ge 
H hours _ 
| 2how 


24 hours 
2: hours 


H, 200 


4} hours. | 30 1,200 
41 hours ---- | 300 1,400 
905 | 300 5,100 


4$ hours. 

" 50 [1,018 00 5,400 
50 1,055 | 300 5,700 
50 1.15 | 300 6,000 
№ 11,165 ' 300 60,900 
50 ‘1,215 — 309 5,600 
300 16,900 
50 [2,315 | 300 1,200 
19$ | 1,38 | im. и? 


oi hours 
6i hours ... 


Total 


328 сох. ' 


а IV.—Observations in detail of the tests of coals— Continued, 


F—TEST OF COAL FROM YOSHINOTANT (KARATSU), KIUSHU ISLAND, JAPAN—- 
61 FIRINGS DURING 7-HOUR TEST. 


(Test No. 6, Table И. 


| steam presure! | ANIME STE, Koso conl Le, ве 
| gange. — Tem- die mpercent,| MER hoiler— гакед 
| pera- | | ог | 
а с mca EIS Киа 
starting. His Pounds? gases. * | Dur- Dur | | imei 
ке " 
‚дате | sce areal co, | pee | Total. ТЕ rant LF | 
meter, eh. | | | под. ; под. int. 
Beginniug..| 7. 111 
| hour- & 1и d 
8. 14 
rm us 
7. 110 
7. 112 
| H 107 
IN 113 
5. це 
n 
5 23 hours: ч 
| 24 hours 107 
3 hours – 196 
3: hours. ni 
at hours — 108 
Ы 38 hones ти | 
4hours- „113 
4: hours 103 
43 hours 113: 
4i hours n2 | 
5 hours 112 
б} hou n 
5: hours no 
53 hours 112 
û hours. 108 
6} hours 107 
6: hours 112 | 
6} hours 115 | 
7 hours... Ww 
Total. | 5,230 
Averagej ina 
i 
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TABLE 1V.— Observations in detail of the tests of coals— Continued. 


G.—FIRST TEST OF COAL FROM YUBARI (HOKKAIDO PROVINCE) JAPAN—59 
FIRINGS DURING 5-HOUR TEST. 


[Test No. 7, Table D 


i I went eom. | " 
sieun presare! dE, | Kil ot com» У [ri 
gauge. | Tem- guses,inpereent|  Pürned— boiler ` mb 
| pera- 
Time aiter |^. 7 "nte of К 
starting. | Kl рода gases, | | | Dur- 
рет baseol, co. | o. ME "e 
sanare: square :stack,| СО: | Os | CO | рес | Total. 
venti. „В | | е! 
| meter. | Meh. В od. 
| 


Beginning.. 
$ hour. 
fhonr.. 


11 ћопгз - 
2 hours 
21 hours _ 
2ihours 


2? hours | 7.01! 100 | 


3 hours 
ЗЕ hours - 
3i hours - 


1} hours. . 
4} honr: 
5 hours 


лимо 


û3 , 1,000 
32.9 1,072.9 


Тош — 16: 
Ахсгке 7.1: 


395 


380 


сох. 


TABLE IV.—Observations in detail of the tesis of coals- Continued. 


IL—FIRST TEST OF COAL FROM LABUAN, BORNEO---112 PIRINGS DURING 7-HOUR 


TEST. 


[Test No. 8, Table 1.1 


1 Steam pri 


gauge. — j Tel 

Н NM 
` Timenfter ; _ | tore of 
i starting, | Kios pounds rx 
| "IL, ` per use af 
: 1 square tack, : 
Н у eent. „ер! 
i On ДА: 
р - К -i E 
i 1 у Н 
| Е i 
` Beginning--| 
| i hour. 

у hour ; 

4 hour | 
| lhour... 1 
i 11 hours 


1: hours 


24 hon! 
2} honrs 


3i hours 2 
Зі hours 5.31 
3} hours EXC 
5,7005 


4 hours. 
4} hours — 


A8 hours ....* 


AP hours 
$ ник. 
û} hours 
6; hours 
$2 hours 
7 hours 


"Total .-. 
Ауепще 


Gd 


ت 


position of flue 


gases, in per eent,! 


Average com- ; к Е Kilos of 
m : Kilos uf vost | water fed to ; 
^ boiler— 
Dur. | pur. 
5 ч DE | ing ja i 
CO : O: | со те: Total. pe: Total. 
riod, rod. | 


70 140 
60 200 


50 230 
` 800 
EU 
420 
10 
мо 
600 
vn 
720 
789 
856 
эи 
1.05 


lo з, 


1,230 
1.305 
1,350 
1,450 
1,820 
1,500 
1,660 
1,730 
1,701 
1,791 


1$ 1,080 | 


| 
| Am. hom. 
oo 


00 | 200 
3001 мо 
30) mu 
300 ; 1,100 
300 1 1.360 
300 | 1,700 
300 | 2,000 
200 | 2,200 
256 
200 
300 
200 3,020 
200 | 3,240 
200 | 3,150 
200 | 3,690 1. 
250 | 8,900 
380 | 1,250 


400 | 4,650 
300 050 
300 450 


300 : 8,150 
110 5,290 


^ This coal was unusually sooty, depositing enough on the tubos in this day's run to burn. 


ой at this time, 


в This group represents the extravagance of a native fireman. Green coal was thrown 
ошо the flre and then mixed with that already on the grate, eausing much loss of fuel. 
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"ams IV.—Observations in detail of the tests of coats —Continued. 
L—SECOND TEST OF COAL FROM LABUAN, BORGEO—113 FÍRINGS DURING 
6]-HOUR TEST. 
[Test Хо. 9, Table П.) 


| Average com- 
position of iine 
Tem- ases, in percent. 


| 1 

! Kilosa? А 
| water fed to ; Fire i 
boiler [ked Cenn- 


Kilos of coal 
burned. 


| Steam pressure 
1 gauge. 


реге or | 
| ture MI = - slig- Sire, 
| ` i (лас 
H fue 1 | ed. ` aper 
gases | | | pur ` Dur- | ` ве | Мар. 

БАРЕ ^ ing |, ing "o alteri uu. 

; со; | о; CO; dÉ | Total. (Тони цара E 


3: hours 
hours 
3i hours 
4 hours 


4i hours 
4) bows: 
18 hours 
$ hours 
û! hour: 


| $12.53 31. | 


51 hours 
Aj hours 
6 hours 


398.6 


.l es: 
1 
Ц Ц 


^ This coal was unusually sooty depositing enough оп the tubes in a few hours to burn 
oft at this time. bw 


Й 
р 
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Тап 1V.—Observations in detail of the tests of coals—Continucd. 


K.-—SECOND TEST OF COAL FROM THE MILITARY RESERVATION, BATAN 


ISLAND—61 FIRINGS DURING 7,,-HOUR TEST. 


(Test No. 11, Table IL] 


| ЊУ Е Т 


| | Steam pressure | i рро Paine | Kilos of gel Н Fire | 
| | gauge. Tem- gaseg in percent! uni" raked clean. 
ed ог Lou fire.) 
и " = дате of - D ЄЎ? ү i "| time 
DUT | Kites | flue | wee ee са. | after 
| ЗОНЕ | ер [bounds ms, | | pur. | Dur- ` time. 
Ka " per Базе of | ing + ing y ‚йет 
' square sn EH COs со! ME том WES Тон start! 
j eenti | Sach, į rion, + riod. | j ing. | 


| meter. | 


Beginning 
2 honr. 


1i hours 
1} hours 
ц hours 
2 поп 
21 hours 


4} how 
45 hours 
ат hours 


5 hours - 


АТ honrs 
û hour: 
û} hours 
û} hours 
61 hours 
7 hour! 

пъ hours 


л сл са 


а 


55 


= 
E 
© 
= 


' Toud : 
Average! 7.761! 


150834——3 


334 сох. 


Танге IV.—Observationg in detail of the tests of coals—Continued. 


L.—TIIRD TEST OF COAL FROM THE MILITARY RESERVATION, BATAN JSLAND— 
56 FIRINGS DURING 7-HOUR TEST. 


[Test Хо. 12, таме IT.] 


“ ге с ы H t . 
Am eom. | кров of coal BIS of 


Steam pressure, waleried (o , Fire. | 


j o gauge, Tem- burned— boiler— raked: Glenn- 
Rt ОГ scd fire, 
i ne after Kilos | | КОЧ 
| K E Pounds | ‚нг | 
i j savate l gare | Tot, пр. ; 
inch. | | 
` Beginning n 
` } hour... 100 
ET no 
! $ hour 118 
| T hour па 
1 13 hours из | 
| 109 j 
112 i 
nm | 
1н | 
2} hours 104 
73 hours Mt 
ne 
115 
nz | 
из | 
105 
из 
104 
12 
ni 
107 
109 
110 
107 
û! hour 
бу hours _. 
6i hours i 
7 hours i 
Total... | 9,690 
Average) 7.701 | U04 334 
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TABLE 1V.—Observations in detail of the tests of couls—Continued. 


M.—FIRST TEST OF LUMP COAL FROM THE MILITARY RESERVATION, BATAN 
ISLAND—76 FIRINGS DURING 7-HOUR TEST. 


[Test No. 13, Table DI 


| А re com- А e Kilos of 
| position of fug Kilos of vonl | water fed to 
| boi 1 


Steain pressure 

gauge. Tem- 
Н ` pera- 
Бар пате of — 
flue ; 
ses, | 


burned 
Time after 


| time į 
starting. 


after | 


Dur- ` 
dub 4 
ре , Total, 
под. # : 


Total, 


An, dum. 


Beginniny..| ош) 


| 2 hour 
hour 
thour 
; lhour 
1; hours 
1: hours 
1 leurs 
| 2 hours 

DA hon: 
2j hours 


ммм 


BEEN 


EI 


34 hours 
31 hou 


cee فم هم ا‎ EEN 


E: 


ag 
g 


41 hours 
33 hours 
3i hours 
5 hours 
$1 hours 
5: hours 


| 6i hours 


û} hours 


563 hou 
7 hours... 


| Total _ 


3,08 11,194 
Average 0 


1085.0 ua, 
D 1 H 
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TABLE 1V.—Obeercations in detail of the tests of coals—Continued, 


N.—SECOND TEST OF LUMP COAL FROM THE MILITARY RESERVATION, BATAN 
ISLAND—89 FIRINGS DURING 6§-HOUR TEST. 


[Test No. 14, Table UI 


| | d р | Kilosot ' 
bé T - 1 ке COM- ! pej ч 1 Kilos al rire 
LEN рген ае: ss on of flue ` отог et | water fed to : Е iret 
| gauge. i Tem in percent, |; Лет PM Cean 
а e м БЕ | 20.3 die. ва fire, 
| Time after 1, 1 , se fime | 
, Starting. | Dur- | Dur- ‚те! after 
| со, : 0, | со | ШК тома DS Tou щы ing. . 
| : | riod. riod. | | ng. 
= dé | 
i 
; "D 
i EE: 
I H 1 
1 | i 
Н | | 
3 hours 7,01 109 308 SOOT 2.4: 
| 18 hows 8.187) 120 | 4% 
| 2hours. ен! Hn Gm j 
2! hours 7.945 us 380 
2j hours ü 


7.383 105 37 
24 hours DEM 
3 hours 


8; hours ` | 
3: ћопг | 1 
Н R Бот. | | 
| Moms Н | | 
| di how. ! 55 | 30 ош 
| dl bongs | 7.875 112 | ог 300 5,100 
i 8.066; 115 909 $0 5,700 |. i 
| 505 | па 300 6,000 
| төм | 1% 
7.382: 105 
р 7.58! 107 
| 5.367 | un 
3 тн: 109 
pu 8.015 — 1M 
| вр honrs | 7.734 — 0 
; Bğ hours..." 7,780, 10 " 
Total E 
Average: NLR 302,4 : d 
2 ' 
^ The fire оп the grate was not disturbed during the entire run. г 


i 
| 


PHÍLIPPINE COALS AS FUEL. 331 


Танк TV.—Obserrations in detail of the tests of coals—Continued. 


O.—FIRST TEST OF COAL FROM BETTS' MINE, BATAN ISLAND—66 FIRINGS 
DURING 4-HOUR TEST. E 


[Test No. 15, Table ILJ 


г NN я | ! | 
ls Average com- | пох Kilos of be i 
| I Stent pressure | position of jac | BUS Of coal ater jed to Fire | 1 
| gange. Д s in percent, boiler ТАКОЙ сода! 
| PU NS ani. ire, 
"rime after Г | 1 1 г В time 
starting, | Elo ‘pounds: gases | Dur- Î Dur | MISES 
„ег | рег е ЕТИ ing ei ` KE 

sanare) square | stack. | CO: 0| CO! pe То). Total, ing. 

genti | шей. -| riod, Ving. 


1 | meter, 


Am | om. 
000 


Beginning. 


i 
13 hours 
2 hours 
2! hours 
2$ hours. 


3} boners. 
31 hours 
; 38 hour: 
| 4 hours 


D Total __. 


Д Average ч. 


——.. 


388 сох. 
Tare IV.—Obsercations in detail of the tests of coals—Contiuued, 


P.—SECOND TEST OF COAL FROM BETTS’ MINE, BATAN ISLAND—125 FIRINGS 
DURING 7-HOUR TEST. 


[Test No. 16, Table II] 


H TM "cm Ayornge com. : ? Kilos of г А 
| р 
| й Tet- igasex, in per cent. boiler— такса ejenn. 
| экиз ыктын сы n "Ai ted tire, 
Time after я Mure of ' ; | узе time 
Starting. Kilos Sep i i Е imel niter 
| ROW c Lal BE ln SUME EE 
| fe er sqnare висе. | Ui 02 СО pe | Total. [Тош Gut? ing. 
| И | inch. ! ; рабо, | T ing. i 
meter. : i i | | Е. | 
DNA E E E FEN A т ی‎ Е 
| | i 1 
| Ж? } Im | дон. 
Beginning... il Г Lon 


ihour... | 


! p hour 


110.9 
15 hour: Н 


21 hours 
2; hours 
23 hours 
3 hours 
3: hou 
Ai hour: 
33 hours 
4 hours 
4i hours 
Ai hour 


i 5} hours 
| 3 honn 


11,9 


| $ hours iino at! х В | 2,020 
£t hou LO | ва | 2,203 
6} hours 7.882 

| oi hours. 

| 7 hours ... 


Total 
Аустаке 


| 
| 


rS 


Аарон‏ ا 
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E TABLE 1V.---Obscreations in detail of the tests of coals—Continued. 


| Q.—FIRBT TEST ок COAL FROM THE COMANSI MINE, NEAR ПАХАО, CEBU— 
d 61 FIRINGS DURING 51-HOUR TEST. 


i [Test No. 17, Table 1.1 
| T f 3 " UNE "р 
i | steam ressure! ATH f | sites of coal | оро ivi! | 
i gange. Ten ‘gases, in percent, PUMed— | boiler= ТАКСА creandi 
за e [pene pen او‎ M Jm Lët, 
` Time alter FUR fluc | 1 са, ne 
SEU Kilos Pounds gases, | i Dur Dur- ‚био а 
site] ats BES со, | о, | со $E mente 
| | meter. Ge, | | об, под. me | 
~ س ا‎ - me mm 
| ши | An [вы | 
| | Дедиичод. -| go ` ch 000 
Н ihour 103 | 385 | | 290 
| ni] мо 11 | 200 НЕ 
10 | 35 | | xi | 290 | so 
! 10: 400 9.0 | 65 | 228 | 290 41,160 | 
| | 108 ` 151] | 285 | 200 [1,450 
| 103 | 430 | зе | 20 мо 
| 107 | з9 | 399 | 290 [2,030 
i 104, BSA) 456 230 12,320 
| ли: мој 290 [2,610 
: 21 hours 109 455 || 290 (2,900 
| 21 honrs тыз! ge | 3 | э 3,100 
3 hours- тюз 1% | Ц 280 2,480 
` 3f hours 7.172 102 i зо 3,70 
+. | зу hours : 115 | 290 14,000 
31 hours па: | 290 (4,350 
+ hours 105 J 220 4,40 
2 ' 4; hours 111 у 20 4,930 
i A hours 106 | 1,95 | 200 
| z 105 i ; 1.088 . | 390 
H i 1 109 ! inp | 20 
1 106 | 119; | 220 
H äi hours 20$ ) 4 1,0274 
| I] Total- 169 
| Avenue Sm] 209,3 
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TABLE IV.—Observations in detail of the tests of coals—Continued. 


R.—SECOND TEST OF COAL FROM THE COMANSI MINE, NEAR DANAO, CEDU— 
68 FIRINGS DURING т носк TEST. 


[Test No. 18, Table TI.J 


ES : i 

i Steam pressure | лугавое сопе | Kilos of coal DEUS Fire | 

gauge. Tem- p | burned— raked ' 

ре gases, In pereent,] boiler— | Clean- 

i и E E Jm ‘ед fire, 

* Time айег E Ka i m ~] ! П alie: time | 
staring, | Kilos Sens gases, | | | pw Dar јоне: Aur 

Е put bascof* c IPS ing Та, ing after: DAT 
p agire stack со, | 0, | CO] ре ` Тов. | ре | Totali stare dug. 

meter. Н | n $. 


eh, : Н | riod. j riod. | ing. | B 


bons ыт. | 


i 
—i 
1 
| 000 


E 
` om ` A20 
260 | 750 
оф 1,010 
во | 
30| 200 
395 260 


2,850. 
3,120 
3,330 
ET 


3 hours -.... 
3: homes 
| 3) hours 


d 
7. 
i Ap bom 7. 5,980 
i 6hours 7 6,210 | 
| бъ hours т. 1,831! 20 | 5,900 1 
6; hour: ki 1,343 | 260 | 6,760] 
67 hours | 7 3,435 | 20 


7.1%! 


109. 6 


ےک ت تک 
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DISCUSSION. 


"The data sustain the conclusions that the value of a coal Jor producing 
steam in an ordinary boiler is determined not only by its fuel ralio and 
by the total number of heat units set free during its complete combus- 
lion, bul it is also dependent largely upon other and variable factors. 

impurities in the coal.—The purity of the coal—that is, the admixture 
of са Шу matter, moisture and other foreign material which it eontains— 
is an important consideration. If the percentage of ash and water is 
small the theoretical heat value of the coal is proportionally increased 
arid from a commercial standpoint ihe original cost of freight and han- 
dling per ihermal unit and the expense of removing the ash as well is 
correspondingly decreased. ‘These items represent a direct saving. More- 
over, with coals high in moisture the efficiency is lowered directly by 
the specific heat of the water. 

The color of the ash indicates the iron content and is also usually 
taken as an indication as іо whether or not the coal will clinker, Пож- 
ever, iron is but one constituent and other factors enter in just as they 
influence the fusion point of clay ? or cement. As comparatively few 
coals burn without forming clinker, it is interesting to note that in many 
of the t of Philippine coal, in particular the tesis of the coal from 
the military reservation, Batan Island, where the percentage of ash is 
high and it is brick-red, very little clinker was produced. . Jt is probable 
that the ash bed in this non-eoking, highly volatile coal is not heated 
sufficiently high io form clinker. ‘The distillation of volatile matter is 
endothermic and therefore the explanation of the lack of clinker is 
probably partly to be found in the faet that the distillation of this large 
percentage of volatile matter keeps the temperature of the fuel bed low, 
Furthermore, in a non-coking coal the lumps are thoroughly disintegrated 
with the expulsion of the volatile matter and the ash kept cool hy the 
air and gases passing through and around its particles. If the same 
ash were in a coking coal it would be held ja the Jump and probably be 
heated hot enough on the grate and in the fuel bed to melt it and produce 
clinker. 

It is believed that a reasonable amount of ash has little influence on 
ellieieney other Шап the amount of combustible carried away, except 
where it interferes mechanically, If a coal clinkers and iende lo close 
the air spaces it greatly increases the labor in connection with its con- 
sumption and entails a loss of heat through the furnace doors through 
frequent opening to work the fires. On the other hand, although clinker 


"Cox, A. J.: The occurrence, composition and radioactivity of the clays from 
Luzon, P. L, This Journal, Scc. А, (1907), 2, 427. 
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may hinder combustion, it prevents fine coal from falling through Ше 
grate and in this way may partially compensate for its inconvenience. 
The finer and dirtier coal from Batan Island after correcting for loss 
of fine coal (i. с., calculated to coal actually burned), and the difference 
in ash content, gave somewhat lower efficiencies than the larger and carc- 
fully selected sizes. The only apparent difference in the behavior and 
quality of Ше various sizes is that the fine coal, high in ash, tends slightly 
to smother the fire and steam сап not be produced at as great а rate as 
with the larger sizes. An inspection of Table 1T shows that the first test 
of the coal from the military reservation with the highest percentage of ash 
has a less evaporation per unit of combustible actually consumed than the 
second and third, which contain less ash, and still less than the fourth 
and fifth which contain still less ash. The variation, however, is not 
believed to be due to the ash, but is largely accounted for far more easily 
fixed carbon 
volatile combustible matter 
the greater ratio giving the greater efficiency; although that уегу high 
ash may reduce the draft, cause a slower rate of combustion and there- 
fore less complete combustion in the furnace chamber and the range of 
the water tubes ig not without reason. 

Fire box and grate-—This Bureau has what is ordinarily considered to 
be a good boiler plant. However, it has a short fire box and only the 
usual vertical baffling and this is not sufficient to enable il to be run with- 
out some black smoke and loss, It is a recognized fact that the loss of 
heat due to the actual carbon in the escaping gases is small, perhaps never 
more than 1 per cent, but smoke is a strong indication of the presence 
of combustible gases the loss of which may amount to several per cent 
and materially impair the efficiency. 

А short fire box is not at all suited successfully io burn Philippine 
conl. I have often urged * the necessity of a setting with an elongated 
fire bos and combustion chamber for burning this class of coal. The 
combustion spacc must be long and large enough for the combustible 
gases and air to mix thoroughly and to prodiüce complete combustion. 
The United States Geological Survey has expressed the same opinion 
and further lays special emphasis оп the necessity of an additional 
bafe wall. Such а wall would undoubtedly cause more perfect mixing 
and therefore more perfect combustion, which is the desired end. Ii 
is probable that eddies such as one seeks to attain im a reverberatory 
furnace, caused by any obstacle in Ше path of the gases, greatly aid the 
mixing. Any scheme which works in the direction of retarding ihe 


by a consideration of the fuel ratio, i. e, 


"Cer, А. J.: This Journal (1906), 1, 877; See. А. (1907), 2, 41. 
^ U. S. G. S, Bull, (1907), 325, 62. 
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exit of the gases of the flame stream until combustion of the volatile 
combustible matter is completed in the combustion chamber, contains 
the possibility of greatly increasing the efficiency of Philippine coals. 
Satisfactory bafle walls would probably be of as much value as a con- 
siderable increase in the length of the fire box. А boiler with the same 
setting as those of this Bureau, but arranged with different baffling 
forming a tile-roof furnace, has been used on Ilinois coals and is said 
to run at capacities of from 50 to 100 per- cenl without smoke," 

Various grates other than the ordinary bar have been suggested and 
tried on coals of the sub-bituminous variety. It was hoped that the per- 
forated grate would be more economical of coal. However, in the tests 
of Mr. Бей? coal there was a slight incipient clinker which could not 
be dislodged from the holes and tbe steam pressure fell at the end of 
the test because of lack of draft. It was not possible to. experiment 
much with this coal beforchand and but little information regarding it 
could be obtained. The grate worked well with Australian coal. With 
more experience and slight modifications this may still be more satis- 
factory than the ordinary grates. Mr. Betts has tried а herring-bone 
grate which he reports to be very successful. ‘The advantage of a grate 
of this type over the ordinary gridiron is that shorter, thinner and more 
bars may be used without danger of their melting down and in this way 
the air spaces increased in number, but diminished in size without 
changing the ratio between air space and grate surface. It has also 
been suggested that the loss of combustible matter in the ash could be 
prevented by burning these coals on a rocking grate. It is hoped that 
the study of the behavior of Philippine coal and coals of this class will 
soon result in the discovery of a more satisfactory grate and a method 
of combustion that will be more economical of the coal. 

Reconstruction of the prezent boiler settings in the Archipelago is 
out of {he question. Greater efficiency, therefore, can be obtained only 
hy building additional baffle walls, using a move satisfactory grate, 
elongating the fire box or heating the air before entering the grate, and 
these improvements from an economie standpoint can best be tried 
in the order of enumeration. · 


€ Breckenridge, X. P.: Univ. of Hi Bull, (1906), 4, No. 31, 22. M. Ernest 
Sehmidt, Вий, soc. ind. d'Ámiens, 2-3, 102; 0. A. (1908), 2, 174, has called 
attention to the fact that it is dificult to destroy smoke after it is once formed, 
but believes in preventing its formation by gradual introduction of coal into 
the fire box, if possible under the burning combustible, and finally, by the use 
of a mass of fire brick kept at a high temperature. He also considers the 
heating of the air before entering the grate necessary, In the combustion of 
Philippine coal where high chimney temperatures are obtained this might be 
accomplished by a down-draft pipe through the stack. 


ит 
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Fic. 2.—Ipran SECTION SHOWING ADDITIONAL BAFFLE WALL AND AN ELONGATED 
Fike Box. 


In the plant of this Bureau, Australian coal burns to а large extent 
on the grate, while most of the Philippine non-coking coals containing 
high volatile mailer are a£ à disadvantage, аз they burn to a very much 
greater exient in the combustion chamber. An inspection of the fore- 
going lests of the coals from Australia (Westwaldsend), Batan Island 
(Military Reservation aud Betis), and Cebu (Comansi) will show that 
our boiler-plant is unfavorable to Philippine coal. This may the more 


- readily be seen from the following table: 


Tanz V. 


Equivalent 

i evaporation of 
Calorie (Equivalent! water йош | 
value of | evapora- | and at 100? С. 


the eom- tion of per kilo of 
bustible in| water from} солк е 
calories | andat | actually oot 


Source, | аз deter- | 1009 С. per 
inined ina: kilo of from 
Berthelot} combus- the calorie 


Mahler i tible value when 
ibomb са“! actually Australian 
| | rimeter. sured, 
| NN: 
Australian: (Westwaldsend); average of tests 1. | 
3, Table И. PEN 7,79 8,688 : 5,688 
| Batan Island: 
: Military reser ` average of tests 10, 11, 12, 13, | 
and 14, Table 11. cs ! 7,165 | 6,773 8,000 
i Betts’: avernge of tests 15 and 16, le II..... 6,297 | 6. 608 7,020 


Сери (Comansi}; average of tests 17 and 18, Table II 7,207 | 


Polillo; test №, Table II... 


8,040 
8.219 
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Coals which burn low and close to the grate give greatest efficiencies; 
those which burn high lose much through the grate, give low initial 
temperature in the fire bos, leaving the fuel bed comparatively cool, 
and the result is combustion at the rear of the chamber, imperfect heat 
absorption and theretore low efficiency. 1 think this loss is largely due 
to the type of boiler, and one should be constructed Гог these coals that 
would obviate these losses. Г should like to be in a position absolutely 
to пате the best elass of furnace for each coal, bul not enough tests 
have been carried on io enable me 10 do so; however, considerable 
information as to the best form of furnace has been given. 

Loss through the grale.—A. portion of the contbustible matier of the 
coal falls through the grate into the ash pit and is not burned. For a 
definite coal this varies with the grate and for a certain gvate it varies 
with the coal. ТЕ is a most difficult task, not yet accomplished, to con- 
struct a grate that is suitable under any and all conditions of operation. 
Owing to my inability io have a grate suitable for each coal this 
discrepancy is much larger jn some cases than in others, and therefore 
I have given, in addition to the usual data, recaleulated results lo show 
Ше values when this factor is eliminated, i.e, as if this amount of coal 
had never been fired. 

Draft, chimney gases and loss through. the stack—Dralt, measured by 
the reduction of pressure as compared with that of the atmosphere, 
whieh depends on the relation of boiler, furnace, grate and stack, largely 
controls the air which enters and the value of Ше fuel is influenced by 
it to a marked extent. However, in a boiler plant in the tropies much 
depends on the direction of the wind, sinee in most cases the boiler is 
not protected at the sides. Too much air is better than too little; on 
the other hand, an excessive amount dilutes ihe gases, lowers their 
temperature and increases the waste to the stack by an amount equal to 
the specific heai of the moisture from the excess of air and the heat 
carried away by the additional quantity of dry chimney gases, The 
loss up the chimney decreases and the eflicieney rises with a reduction in 
the supply of air until a point is reached at which the loss due to 
slightly incomplete combustion is just equal io the gain obtained by 
decreased loss to the stack. Beyond this point the decrease in efficiency 
is very rapid. It has heen my aim to regulate the air supply as much 
as possible without redueing the completeness of combustion, and in that 
way I endeavored to control the quantity of gases leaving the system and 
therefore Ше waste heat. Without experience with a given coal it is 
not always possible accurately to supply the proper amomut of air for 
its ideal combustion. It may be noticed from an examination of the 
tests that a certain aniount of carbon monoxide was observed in Ше 
chimney gasos. ‘Chis amount was greatest in those from the coal from 


5: 
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ihe Comansi mine at Danao, Cebu (test 17) where there was an abnormal 
waste to the stack and the efficiency recorded is therefore probably 
somewhat low. 

It has been shown?* that any considerable percentage of carbon mon- 
oxide is threatening to efficiency. Owing to the infiltration of an 
unknown quantity of air no exact limit could be set to this, but since the 
presence of carbon monoxide may also be taken as an indication of other 
incomplete combustion losses, high carbon monoxide is a prominent 
danger signal. It has also been shown”? that the furnace efficiency drops 
very rapidly after the carbon dioxide content in the flue gases has 
reached about 9 per cent or perhaps 12 per cent if the gas has not been 
diluted by leaks. From a knowledge of the law of mass action one 
would expect, where the oxygen content is low and the carbon dioxide 
high, that some carbon would only be partially oxidized, that is, the 
presence of some carbon monoxide would be probable; however, ап equi- 
librium may not always be attained in the combustion chamber. As the 
flue gases passed the sampler in ihe seventeenth test the oxygen content 
was higher and carbon dioxide lower than in the tenth where combustion 
was complete. Such a condition as that in the seventeenth, where the gas 
analyses represent the average of а period, might be produced by careless 
stoking so spasmodic that at times the percentage of oxygen wonld be 
small, with incomplete combustion, and at other times so large, that the 
average oxygen coment would be increased. However, I do not believe 
that this is the case in this series. An explanation which suggesis itself 
is that each individual coal, at any given temperature, may require а 
certain excess of oxygen, varying with the complexity of the hydrocarbon 
compounds, io effect complete decomposition of the сол] gases. If the 
latter pass the high temperature of the furnace undeeomposed, then the 
small supply of oxygen is not sufficient to effect combustion before they 
escape from the combustion chamber. 

Furthermore, owing to the coolness of the fuel bed and combustion 
chamber when highly volatile coals are burned, combustion takes place 
slowly and it is not surprising that the carbon monoxide and other 
combustible gases are swept on and cooled below their ignition tempera- 
tures before combustion is complete. 


‘The corrected ignition temperatures of various molecular relations of hydrogen 
and carbon monoxide, with oxygen are the following: 


Н,+40.=571° 


en S, @. 8. Вай. (1907), 325, 65. 
" Ibid. 51. 
"EG Falk, Аня. d. Phys. (1907) (4), 24, 450. 
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The introduction of an inert gas such as tle nitrogen content of the combus- 
tion chamber, greatly raises the ignition temperature and for the bimoleeular 
reaction between hydrogen and oxygen it is increased according to the equation 


T-—T'430 n 


where 
volume of the nitrogen (№) 


— volume of ihe hydrogen (H,) or the oxygen (0) 


whichever is present in the smallest quantii For the trimolecular reaction 
between carbon monoxide and oxygen the ignition temperature is increased 
according to the equation Г=Т”-|-30 n’ where 


yolume of the nitrogen (Nz) 


` volume of the carbon monoxide (C0). 


The temperature coefficient of the reaction velocities for an inerease of 10° 
is 1.31 between the limits 514° and 550° for a mixture of hydrogen and oxygen; 
and 1,24 between the limits 601° and 645° for a mixture of carbon monoxide and 
oxygen. The introduction of an indifferent gas (nitrogen) reduees the magnitude 
of this coefficient in proportion to the quantity added. 

For a mixture of two volumes of carbon monoxide and one vohume of oxygen 
Helier? gives the following maximum formation of carbon dioxide, expresed in 
per cent at the given temperature: 


Degrees - Uer сеп 
‘centigrade. COs 


| 
| 295 
! 


ames 6.13 

302 | 9.44 

ae | зи 

WS | 368 

418 3.41 

г E | 4.64 
| e 


The formation of carbon dioxide from the earbon compounds in coal or even 
by burning carbon monoxide itself is no simple one. The dissociation of carbon 
dioxide into exrbon monoxide and oxygen and the part that water plays in the 
reaction must all be considered. A perfectly dry mixture of carbon monoxide 
and oxygen ean neither be exploded by means of a red glowing platinum spiral 
nor an induction spark. The particles of water themselves play an important 
part in the reaction, Even at ordinary temperatures there is a small amount 
of free hydrogen and free oxygen in water vapor. The equilibrium at 10° 
contains one volume of free hydrogen and one-half volume of free oxygen for 
every 4.58.10? volumes of water vapor. The higher the temperature the greater 
the amount of uncombined gases in proportion to water vapor. When the 
equilibrium is reached at 100° there is one volume of free hydrogen and one- 
half volume of free oxygen for each 114.10“ volumes of undissociated water 
vapor? At very high temperatures free hydrogen and oxygen aro present т 
such quantities that they may be directly determined. These free "gases are 
chemically very much more active than the water molecules themselves. The 


na, de Chim. (1897) (7), 10, 521; Chem. Contrbl. (1897) 1, 68, 487. 


? Dixon, Chem. News (1882), 46, 15 
2 Bodliinder: Akren’s Samm. chem. u. бн: tech. Vortrüge (1899), 3, 388. 
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oxygen unites readily with са оп monoxide to form carbon dioxide or Ше 
hydrogen with oxygen to form water or hydrogen peroxide. И the dissociation 
equilibrium is disturbed iw either of these ways, more water moleeules dis- 
sociate into hydrogen and oxygen atoms, When a temperature of the furnace 
is reached where this dissociation takes place faster than the dissociation of the 
oxygen molecules of the air, we have an explanation of the стају Не action of 
water ii the combustion of coal and why а high combustion chamber tem- 


perature is desirable, 


‘In the combustion of a highly bituminuous coal, the extent of the loss 
due to the carbon monoxide and hydrocarbon gases of the gasified coal 
passing up the stack before combustion is complete may be seen by an 
examination of the following table: 


|} Heat of 
Element. Product of combustion. | combust 
[in calorie 


Hydrogen --_- 


lt will be observed that cach unit of carbon burned only to carbon 
monoxide will result in a loss of 5,715 calories (over half) and each 
unit of hydrogen unburned will result in a loss of 34.180 calories. In 
these experiments this Joss has been regulated as well as possible with 
the dampers and air supply at my disposition, but a difference in 
construction of the boiler plant would seem advisable for sone of the 
varieties of coal. Approximately perfeet combustion can be obtained 
by proper boiler and furnace design, construction and operation. 

An extremely rapid rale of evaporation, а low chimney temperature 
and completeness of combustion are incompatible. M Brecken- 
ridge, Parr and Dirks? found that the maximum rate of evaporation 
was oblained with the boiler running at its rated capacity, with the 
flue-gas temperature at about 260? C, With an inerease in the rate of 
combustion the flue-gas temperature increased and ihe evaporation 
dropped off. Most of the Philippine coals easily gave a rate of evapora- 
tion equel to that obtained with Australian coal on an ordinary run. 

Absorption —ighly bituminous coals are likely to cause a deposit 
of soot which reduces the efficiency of the heating surface. Boilers 
must be thoroughly cleaned before beginning tests. The necessity for 
this precaution is evident in that if the drum and tubes are insulated 
from the hot gases on the one side by a layer of soot and from ihe water 
on ihe other ћу a layer of seale, the absorption will be imperfect and the 
greater this insulation the more resistance (o absorption and the greater 


dated from the numbers of J. Thomsen: Thermo-chemisehe Untersuch- 
ungen (1882), 2, 52, 284 and 28$, 
"Univ, of HL Вий. (1906), 3, 39. 
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the loss to the stack by the gases escaping at too high a temperature as 
compared with that of the steam in the boiler. 

Breckenridge e£ a1?* from results of boiler trials made io determine 
the effect of soot deposits on the evaporation in a horizontal tubular 
boiler conelude that it is not very marked. They found that the soot 
burned upon reaching a certain thickness, leaving but a very thin layer. 
Even with frequent and perfect sweeping of the tubes, no boiler cools 
the furnace gases to the lemporature of the steam, but a certain amount 
of this heat waste may be recovered and the efficiency somewhat raised 
Ру the use of an economizer in the stack. 

The effect of scale on the transmission of heat ihrough boiler tubes is 
very variable, Ше mechanieal structure of the seale being at least as 
important a factor as the more thickness. Schmidt and Snodgrass. 
have investigated this effect on locomotive boiler tubes and feel warranted 
in summing up the results of their tests in the following conclusions: 


“J. Considering scale of ordinary thickness, say of thieknesses varying up 
to oneecighih inch, the loss in heat transmission due io scale may vary т 
individual сазсв from insignificant amounts to as much as 10 or 12 per cent. 

“2. The loss inereases somewhat with the thickness of the seule, 

“3. The mechanical structure of the seale is of as much or more importance 
than the thickness im producing this loss. 

"4. Chemieal composition, except in so far as it affects the structure of the 
scale, has no direct influence on Из heat transmitting qualities.” 

Boiler pressure—Tho true boiler efficiency is the ratio of the heat 
absorbed to the heat which is available to the boiler; that is, that 
portion of the heat in the furnace gases which is above the temperature 
of the steam. From this it is evident that the higher the working 
pressure—that is, the higher the steam temperature—lhe less difference 
between a fixed temperature of the furnace gas and that of the steam 
and therefore the less heat available іо the boiler. In order to obviate 
this difference in efficiency I have tried to maintain approximately the 
same steam pressure im the various tests. In those cases where there is 
a deviation, the efficiency attained is greater or less than the average 
accordingly as the steam temperature is greater or less. The facts have 
not been established giving the exact value of the effect for all changes 
in steam pressure upon the evaporative efficiency of a boiler. Goss?" 
has shown that “changes in steam pressure between the limits 120 pounds 
and 240 pounds will produce an effect upon the efficiency of the 
boiler whieh will be less iban 0.5 pounds of water per pound of coal," 
The difference is not large for the small ranges of pressure common in 
slalionary practice; and although slightly more heat is available and 


?! Doc. cit. 
7 Univ. of JU, Вий. (1907), 4, No. 15, 1 
?[ümh steam pressure in locomotive se 
Carnegie Institute of Washington. 
15034——-4 


е (1907), 10. Published by the 
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absorbed when a low steam pressure is used, there js а limit below which 
опе can not go, for new losses appear which more than compensate 
the gain. 

Radialion.—A portion of the heat value is lost by radiation through 
the fire doors and furnace walls. Ву the use of a larger furnace and 
boiler the exothermic loss would be less. More favorable figures than 
mine have been attained by the Manila Electrie Light and Railroad 
Company for Australian coal of Ше same source and similar composi- 
tion as that of tests Nos. 1 and 2, Table IL; however, it mnst be remem- 
bered that they operate their steam boilers in large units and that ту 
figures aro thoroughly representative of plants of 75-horsepower rating. 

Other factors—There are many other factors which enter info con- 
sideration such as the physicial condition of the coal, small experimen- 
tal errors in ifs use, personal variables, air leaks which diluie and cool 
the gases before absorption takes place, relative load carried, moisture 
from the'air and the water of combustion which must be expelled through 
the stack as superheated steam, ctc. Perhaps the greatest of these 
variables are the fireman and the moisture of the air. 


As a rule the fireman is a cheap laborer secured more for his muscle than 
his brains, is indifferent to his work and docs it in the way that requires Ше 
least energy and initiative on his part. A fireman must be intelligent, or have 
constant intelligent supervision to oblain good results, In hand firing, iustead 
of саге у spreading the coal or coking it and then working it back gradually, 
а stoker wil often spread over the five a tremendous amount of green coul. 
In this way the flames are smothered, the instanianeous evolution of combustible 
gases is out of all proportion to the supply of air, they are cooled perhaps below 
their ignition temperature and thus a Ji quantity leaves ihe system unburned. 
А deep fue] hed is called for in a producer-gas plant, but in steam boiler practice 
where a complete combustion is desired so that all of the carbon of the fuel 
wil be converted into carbon dioxide a thin fuel bed is needed. When it is 
ћобеса that the steam pressure does not respond to the new supply of coal, 
the fireman with a slice bar or hoe will stir up the new fuel together with 
that already on the grate, the result being still further loss of бо, Grenily 
inereased evaporation and saving of con! will be obtained by prohibiting these 
practices. The tendency of most stokers is toward a too frequent use of the 
bar. И Philippine is properly stoked it is not necessary to poke the fire 
at all. I have made a test of seven hours on this coal without once putting a 
bar in the fire box. 


The great difference in the moisture going into a furnace day by day, 
largely due to the variation of the daily humidity.as well as that between 
the dry months and the rainy season, had often been noted ; but it was 
left for Mr. Gayley?* to obtain definite data and show the considerable 


"There is a marked tendency of the coal from certain parts of the Philip- 
pines to fall to pieces. Care must he exercised to prevent the production of a 
large amount of slack in handling for it reduces the value for steaming 
purposes, 

8 Iron and Steet Inst. (1901), October. 
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economy in the working of blast furnaces by reducing the moisture in 
the air blast io a low and practically constant amount, It is slated 
as demonstrating this economy that prior to drying the air, throughout 
а period of eleven days the daily production of iron in the blast furnace 
was 808 tons with an average consumption of 2,147 pounds of coke рег 
ion of iron, while for a period of sixteen days when the dry-air blast 
was used the daily production of iron was 447 tons with an average 
consumption of 1,726 pounds of coke per ton of jron, This shows a 
eredit balance of 20 per cent greater output of поп and 20 per cent 
reduction in fuel consumed per wut of pig iron and output, However, 
there are other considerations. Unquestionably the greater output was 
largely caused by Ше more perfect mainlenance of the regularity of the 
furnace owing to the practically constant amount of waier in the blast. 
The gases in the former ease were composed of 22.3 per cent of carbon 
monoxide and 13 per cent of carbon dioxide eseaping at a temperature 
of 538? and in the latter of 19.9 per cent of carbon monoxide and 16 
per cent of carbon dioxide escaping at a temperature of 376°, so that 
the economy of fuel is partly traceable to more perfect combustion and 
less loss through the eseape of the gases. ITowever, the fact remains 
that ihe saving through the use of dry air and the loss due to the specifie 
heat of the moisture in the use of ordinary air is a great one, and this 
applies alike to all combustion furnaces. 

The moisture of the air is a large factor in the tropics, where the 
atmosphere is of almost unvarying temperature, the thermometer normally 
standing at 30°, and the humidily is high, the air often being almost 
completely saturated. The average weight of the water entering the 
furnace i the above tests was about 5 per cent of the water evaporated 
in the boiler. 

Even when all of these factors are taken into consideration there are 
sometimes abnormalities in the evaporative eífieieney of a boiler which 
it is hard to explain, Some boilers owing to individual superiority, 
due to rapidity of water circulation, the use of waler that does not foam, 
cte., are more efficient ihan others; some furnaces burn all of the volatile 
matter of a coal while others waste it and even the same furnace behaves 
differently with different coals. 

Theoretically, the volatile matter should be expelled from a coal on the 
grate and the fixed carbon simultaneously burned, thereby keeping the 
fuel bed intensely hot. The combustion of the volatile combustible 
matter should be completed in the combustion chamber. Coals high in 
fixed carbon burn with a short, hot, smokeless flame and combustion is 
nearly completed a short distance above the fuel bed, but with highly 
volatile coals the combustion is incomplete even at the rear of the 
combustion chamber. 
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Т have already shown?? that when Philippine coal is rapidly heated 
in.the ordinary laboratory analysis according to the directions recom- 
mended by the committee appointed by the American Chemical Society,*° 
there is a very large mechanical loss amply indicated by the shower 
of incandescent carbon particles which are driven off during the first 
one or two minutes heating. Without the most careful stoking in the 
furnace there is probably the same rapid expulsion of the volatile matter 
as in the laboratory method, with a corresponding quantity of fine 
particles carried mechanically in the gas stream and to a greater or less 
extent deposited or burned out of the range of the absorption tubes. 
I have also shown?* that the presence of water serves to dampen down 
and hold together the solid particles of a coal, thereby preventing 
mechanical loss. This is probably where the advantage, if any, comes 
when an engineer wets a highly volatile coal. 

it has been shown”? that fuels classified according io the increasing 
percentage of volatile combustible in Шей’ total combustible matter, 
when burned under a Heine boiler decrease somewhat in efficiency. 
While this conclusion holds when the number of samples averaged is 
sufficiently large, one must avoid Loo wide an application of the general- 
ization. Often there are physical features and special reasons for choos- 


ing one coal before another when theorctieally it is not so good. In 


coking and non-coking coals aud in those entirely different physically, for 
example, slack and brignettes, clinkering and non-clinkering, there are 
factors which have many times more weight and such а genoralizaiion 
hardly could be applied {о these, while such a comparison is perfectly 
legitimate and helpful to coals of the same elass and physical condition. 

Tt is hoped that as soon as the public realize the availability of veliablé 
information regarding coal, both concerning its composition and steam- 
ing value, these means of determining Не value may be more often 
resorted to and that guesswork may be eliminated from the purchase of 
a coal. 

SUMMARY. 


The object of this investigation was to determine the steam-making 
value of the coals of the Philippine Islands as compared with the foreign 
coals offered on the market in this Archipelago. 

АП the tests which are described in full were made at the Bureau of 
Science with a 75-horsepower water-tube Babcock & Wilcox steel boiler 
over a hand-fired furnace. An average of 1114 per cent of the rated 
capacity and an average steam pressure of 7.4 kilograms per square 


* Cox, A. Jr This Journal, Sec. A (1907). 2, 43. 
?J. Am. Chem, Кос. (1899), 21, 1116, 

3 Сох, А. J.: Loc. ей. 59. 

zt 5. G. S. Вий. (1907), 325, 89. 
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centimeter (105 pounds per square inch) was maintained. "Гро average 
length of the tests was about seven hours. The plant, the apparatus used 
and all conditions were preserved as nearly constant as possible. Tt was 
my purpose to burn each coal with the maximum economy in this type 
of furnace. For a Philippine coal a regular and uniform method of 
firing is essential. It was found that the best method of firing was im 
small quantities every four or five minutes. A thin fuel bed is also 
needed aud it must not be frequently worked. An entire test of seven 
hours duration was made without once disturbing the fire. 

Inert malier in а coal is detrimental to its value in that the total 
number of hent units is proportionally decreased. Moisture further 
reduces the, efficiency directly by the specifie heat of the water, but the 
content of ash ordinarily found in Philippine coal has very little if any 
further effect. Il seldom produces clinker and for this reason the 
presence of sulphur is no detriment. Moreover the percentage of sulphur 
in Philippine coal is usually extremely small. 

A short fire box, the usual vertical baffling and an ordinary bar grate 
are not suiled successfully to burn Philippine coal. An average of 9j 
per cent less of the theoretical heal units were absorbed by the boiler 
when Philippine coal was consumed in the plant of this Bureau than 
with the Australian coal ordinarily used and for which the plant was 
selected and installed. The efficiencies recorded in Table Il include 
those of ihe boiler, fire box and grate. 

There is very little variation in the sleam pressure and the amount of 
water evaporated per hour. When a boiler with a satisfactory rate of 
water circulation, absorbing surface, ete., has been used the deviation 
from the maximum efficiency of a plant depends largely on the adapt- 
ability of the furnace grate and stack. The economy is greatest with 
those coals which have a high fuel ralio, burn completely and give 
a high combustion chamber temperature. With satisfactory absorption 
the greater the difference between the temperature of Ше combustion 
chamber, gases and the boiler, the greater the efficiency and the less the 
loss to the stack. When Philippine coals are burned in an ordinary 
furnace they are at а disadvantage as they tend to burn out of the range 
of the boiler tubes with the result that there is low evaporation and high 
chimney temperature, A longer fire box or an inereased number of 
baffle walls, or both, and a carefully selected grate would probably greatly 
increase the efficiency of Philippine coals. If the number of baffle walls 
is greatly increased, care must be exercised that there is sufficient draft. 

The tendency to burn out of the range of the boiler tubes which coals 
high in volatile matier show, is aggravated by an excessive draft. The 
greater the quantity of air drawn through the fuel bed, the more rapid 
the combustion and the farther in the rcar of ihe combustion chamber 
it takes place, With a heavy draft ihe result is high chimney temperature 
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and low effieieucy. On the other hand, too little air results in low 


efficiency due to incomplete combustion. 

Highly bituminous coals deposit much soot which may reduce Ше 
efliciency of the heating surface, and the formation of зеаје is a factor 
which needs close attention if maximum effieieucy is to be attained. 
With a change in efficiency other factors of the heat distribution also 
vary, ‘The radiation is especially variable with the size of the plant and 
the temperature of the combustion chamber. 

The size of the fuel is а very important factor. The crumbling of coal 
reduces its value for steaming purposes. There is a tendency of coal 
from some paris of the Philippines to fall to pieces, Care must be 
exercised in handling to prevent this. 

The moisture of the air is a large factor in the tropics. With an 
evenly warm, almost saturated; atmosphere the amount of water entering 
the furnace is enormous and considerably lowers the capacity and ef- 
ficiency of Ше plant. 

The average of the calorific values of all the Philippine coals tested 
is 6,003 "7 calories and that of the Australian coal ** purchased by the 
Government and furnished to this Bureau for fuel is 6,614. In in- 
dividual cases the calorific value of Philippine coal is as much as that 
of the Australian coal and in one case showed an clticicney in this plant, 
which is unfavorable to Philippine coal, within 3.25 per cent as great as 
that attained when the Australian coal was fired. 

With ‘respect to ash, clinker formation and the production of smoke 
the Philippine coals are superior to any oihers offered on the Manila 
market. 


0 9/5 ealories=B, T. U. 
* This coal was tested in June, 1907 (ests Nos, 1 and 2, Table ТГ). 
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ILLUSTRATIONS. 


Pirate 1. Babcock & Wilcox boilers used in making the tests" (cf. p. 304). 

11. Voltmeter and ammeter diagrams of tests numbered 1, 2 and 3, Table И 
(p. 311). 

UI. Voltmeter and ammeter diagrams of tests numbered 4, 5 and 6, Table TI 

(p. 311). 
1V. Voltmeter and ammeter diagrams of tests numbered 7, 8 and 9, Table ТЇ 
(p. 311). 

V. Voltmeter and ammeter diagrams of tests numbered 10, 11 and 12, 
Table 11 (p. 311). 

VI. Voltmeter and ammeter diagrams of tests numbered 13, 14 amd 15, 

Table IL (p. 311). 
VIX Voltmeter and ammeter diagrams of tests pumbered 10, 17 amd 18, 
Table II (p. 311). 

VIII. Charts used in judging the color of the smoke (cf. р. 310). 

IX, Grating of the charts in Plate VITE drawn to the exact seale. 

X. Figure showing graphically the steam-pressure gauge readings of tests 
numbered I to 10, recorded in Table ТУ, А to J, inclusive The dotted 
curves are supplemented from automatic indicator dingrums in order 
to show the maximum and minimum variations. 

XT. Figure showing graphically the steam-pressure gauge readings of tests 
numbered 11 to IS, recorded in Table ТУ, К to li inclusive, The 
dotted curves are supplemented from automatic indieator diagrams in 
order io show the maximum and minimum variations, 

Figure showing graphically the temperature of the thie gases, base of 
stack, of tests numbered 1 io 10, recorded in ‘Table (V, А to J, in- 
elusive. 

ХИТ. Figure showing graphieaBy the temperature of the flue gases, base of 
stack, of tests numbered 11 to 1$, recorded in Table IV, К to R, in- 
clusive. Page. 

Fra. J. {In text.) Showing the flue-gas mpler used in drawing the gases 

for analysis = 
2. (Та text.) An ideal section showing an ordinary type of boiler with 
an eJongated fire box and additional Бате wall... - 34 
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METHYL SALICYLATE IL'—SOLUBILITY IN WATER АТ 30°. 


By IL D. «вв. 
(From. the Laboratory for the Investigation of Foods and Drugs, Bureau of 
Science, Manila, Р, 1.) 


In the studies of the hydrol of methyl salicylate, the results of 
which will be published later, it became advisable to determine with 


The method of analysis employed is essentially the same as that deseribed in the 
first paper. The solution in which the methyl! salicylate is to be determined 15 
filtered to remove any undissolved ester (the first few drops passing through 
the filter being discarded), made strongly alkaline with sodium hydrogen. car- 
bonate to unite with and hold back any free salieylie acid, extracted repeatedly, 
not less than three times, with chloroform and the chloroform extracts run into 
about 20 cubic centimeters of a 10 per cent solution of sodium hydroxide and 
suponified in a steam bath. After evaporation of the chloroform the salicylic 
acid is extracted and made to a definile volume with water for the color 
comparisons. 


When the comparison is made with standard solutions prepared with 
salicylic acid, the color shades are different, owing to the formation of 
small quantities of other phenolic compounds besides salicylic acid in the 
hydrolysis of the esicr, aud ате quite difficult to match in the wedge 
colorimeter. Some eves read the percentage very much too low, while 


*The first article on the occurrence and determination of salicylie acid in 
methyl salicylate, the separation and determination of the two substances in 
foods and drugs, and the hydrolysis of the ester with sodium carbonate and 
sodium hydroxide appeared in This Journal, Sec. A. (1908), 3, 101, and J. Ain. 
Chem. Soc. (1008), 30, 1465, 

"Aan, d. Chem. и. Pharm. (1843), 48, 61, 

*8th ed. (1900), 290. 

(1005), 970. 


*(1907), 1, 164. ч 
357 


358 GIBBS. 


others have the opposite tendency. Very satisfactory standards are 
prepared by dissolving a weighed quantity of pure methyl salicylate in 
chloroform and carrying through the saponification in the same manner 
as the determinations. Standards, represenüng from 1 to 2 milligrams 
of methyl salieylate in 50 cubic centimeters of solution, have been found 
to be most satisfactory for comparison with the wedge colorimeter. 


The solutions for analysis were prepared by agitating а large excess of pure 
methyl salicylate in water varying in purity from that of the usual laboratory 
distilled product to a conductivity of 2.8Х 10-5 at 3092 As the rate of hydro- 
lysis of the ester in A sulphurie зе is under investigation, the solubility in 
this strength of acid has been determined from time to time as the hydrolysis 
proceeds. 

In the following tables, No. is the number of the determinations, 
T is the time expressed in hours during which the solutions were 


agitated, S is the quantity of substance used in the determination, ex-' 


pressed in cubic centimeters, and Q is the methyl salicylate found in 
solution and expressed as grams of solute in 100 cubic centimeters of 
solvent. 


TABLE I—Solubility of methyl salicylate in water (temperature, 30°). 


Хо. | т | s | Q | 
3 --] 
н 1 | 15 d а 0.063 
2 | б! — 10 om | 
з 1 1 10 | 2076 | 
чо | 10 E 
| 5 ET 10 | дй | 
| 51 mi 5 LOTU | 
| 
| т | 2,160 | 5 NI 
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Determinations Nos, 1 to 6, inclusive, were made upon different 
portions of the same solution, prepared by constantly agitating in а bottle 
10 cubic centimeters of methyl salicylate and 500 cubic centimeters 
distilled water at 30?-c1?. No. 7 is tho analysis of a mixture of 15 
cubic cenlimeters of distilled water and 0.5 сибе centimeter of methyl 
salicylate which had been agitated in a sealed glass tube for three months, 
at temperatures varying from 30? to 1009. The system had approached 
an equilibrium and the amount of methyl salicylate hydrolized was 
found to be 0.0125 gram. No. 8 is the analysis of а mixture of 10 


"Та standardizing cells at 30°, T have used the temperature coefficients 
found by Jones and West, Am, Chem. Jour. (1905), 34, 381. 

"This determination is not to be taken as an accurate measure of tlie equili- 
brium or the rate of hydrolysis for the reason that the action of the solutions 
on the glass was found to be considerable. А poriion of the salicylie acid was 
found to he present in the form of the sodium salt, 
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cubic centimeters of water, conductivity 2.8X(107 at 30°, and 0.6 cubic 
centimeter of methyl salicylate whieh was agitaied in a sealed iube at 
3091. This determination is probably as reliable as any that have 
been made and represenis a fairly accurate average.  Elecirodes were 
sealed into this cell and measurements of the conductivity of the aqueous 
phase showed that it had changed but little during the last seven days 
of the ten days’ agitation, 


TABLE I— Solubility of methyt salicylate in 5 sulphuric acid solution (fen- 


perature, 809), 
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It is to be expected that the solvents will show a constantly increasing 
capacity for dissolving the ester as the hydrolysis proceeds, owing to 
the slowly increasing concentration of the methyl alcohol, one of the 
products of the hydrolysis. ‘The rate of the increase in the concentration 
of the ester is very slow as shown from the tube of distilled water which 
had been agitated for three months with the solute. The concentration 
of the methyl salicylate had increased to 0.093, and from the determina- 
tion of the salicylic acid the concentration of the methyl alcohol in the 
aqueous solution was found to be approximately 0.02 gram per 100 
cubice centimeters, Since the rale of hydrolysis in acid solutions is more 
rapid than in water, it is probable that the inerease in the concentration 
of the ester will be more rapid in the former than in the laiter. 


SUMMARY. 
| Я Е et ЕМЕ 

The solubilities of methyl salicylate in pure water and in 10 sul- 
phurie acid solution at 30° have been determined. The average of a 
number of determinations is 0.074 gram рег 100 cubic centimeters for 
the former solvent and 0.077 for the latter, 

Slight improvemenis in the colorimetric method for determining 
methyl salicylate as given in the first paper are described. 


THE COMPOUNDS WHICH CAUSE THE RED COLOR 
IN PHENOL. 


By H. D. Стив. 
(From the Laboratory for thc Investigation of Foods and Drugs, Burcau of Science, 
Manila, P. 1.) 


Much investigation and speculation has been indulged in by various 
writers concerning the cause of the red coloration of phenol. At this 
time it is well established that impurities in phenol may produce a 
discoloration. It is also true that pure, colorless phenol is reddened by 
the action of moisture, air and the more refrangible light rays; in other 
words by hydrogen peroxide oxidation. The color has been considered 
lo be due to various compounds, but I have found, after investigating 
the samples which have come under my observation in Низ laboratory, 
that the true nature of the eolored compounds and the method of their 
formation is not to be found in the literature. 

A brief review of the literature shows the most prevalent idea to be 
that the coloration is due to impurities. Some of the latest text-books 
on organic chemistry still cling to this theory. 

H. Müller? states that phenol will keep well if the impurities are resinificd by 
the action of the ай’ on the alkaline solution during the process of purification, 

Н, Hager? attributes the formation of color to the action of the gen and 
ammonia of the atmosphere, whieh, in his opinion, probably produce rosalie acid. 

А. Sicha? says the coloration is due to copper. He prepared phenol which 
remained colorless for months in the sunlight by distilling in glass vessels. 
W. Meyke* believed the color to be caused by tho lead of the containing vessel, 
P. Ebeh? states that phenol erystals contain substances which are colored through 
the action of light. These substances are not metals аз is чайной by Meyke. 

H. Hager‘ found some samples to be colored by the presence of iron, amd he 
inclines {о the view that the red color can not result from a chemical change of 
the phenol. The basis for the red eolor does not lie alone in the iron content 
and may be caused by the raw materia] or the method of purifying and washing. 


! Dingl. Poly. Journ, (1806), 179, 402. 
3 Chem, Сет 1. (1880), 11, 178. 
3J, Soc. Chem. та. (1882), 1, 397. 
*Jahresb. f. Chem. (1883), 875. 
= Her. d. chem. Сев. (1884), 17, 69, Ref. 
"Свет. Сет" И. (1885), 16, 120. 
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Probably a corallin or tropeolin compound formed by the action of ammonia 
and ozone of the air prduces the color, 

А. Kremel * believes that the rod color is produced by a large number of metals 
and metallic oxides, particularly copper, and then lead; silver, and zinc. Tin has 
no action. He says that these metals enter into combinations, the result being 
that these compounds dissolve in phenol with a red color. This compound can not 
be rosolie acid for the reason that it dissolves in concentrated sulphuric acid with 
a blue color, whereas rosolic acid does so with a yellow color, Е. Mylius* believes 
that the glass vessels exercise an influence by giving up alkali when they are easily 
acted проп by the phenol. 

E. Fubini® states that the red color is due to the action of hydrogen peroxide 
in the presence of metallie salts and ammonia, Не ascribes the formation of the 
color to the production of ammonium phenate which is converted into a phenate 
of the metal present, iron or copper, and which is in turn acted upon by 
hydrogen peroxide, yielding the red coloring substance which he calls phenery- 
threne. This compound is soluble in alcohol and phenol, coloring the latter red. 
It dissolves in sulphurie acid with a blue color. 

А. Bidet " states that phenol which is carefully purified will remain colorless 
on exposure to air and light. W. Hanko? finds that the coloration is due princi- 
pally to oxidation. The presence of Lhiophen, creosol or parakresol does not affect 
the color. Metals such as copper, ivon, and lead and their salts, as well as ammonia 
and ammonium chloride, accelerate Из formation. J. Bocs" believes it to be 
highly probable that an isophenol described by Brunner 5 is the cause of the red 
coloration. Cumaronon is not the cause. 

Kohn and Fryer have found that the coloration requires the presence of 
moisture, air, and light. rays, or in the absence of light rays, hydrogen peroxide, 
and that the presence of metallic impurities accelerates the color formation. They 
conclude that the colored compound is an oxidation product of phenol and can be 
formed in pure phenol under the proper conditions of light, moisture, and oxygen. 
No coloration oceurs when the phenol is protected by ruby glass. 

A. Richardson has proved the presence of hydrogen peroxide in phenol which 
has been exposed to the light and he concurs in the opinions of Kohn and Fryer, 
The light waves at the blue end of the spectrum пле the ones whieh produce the 
effect and not those at the red. 

Kohn * repeats that the coloration will take place in pure phenol, when moisture 
and oxygen are present, under the action of the more refrangible light rays. 
А. Bach” says that while phenol reddens by the action of air, moisture and light 


1J. Soc. Chem. Ind. (1886), 5, 160. 

$ Chem. Секић. (1887), 18, 251. 

* JJ, Soc. Chem. Ind. (1891), 10, 453. 

“Bull. Soc. Chim. Paris (1591), ПТ, 5, 13. Compt. rend. Acad, d. se. Par. 
(1889), 108, 591. 

п Век. d. chem. Ges. (1892), 25, 386, Ref. 

" Chem. Сеп. (1902), IL, 73, 50. 

BU. pr, Chem. (1902), 173, n. s. 65, 304. 

1+3. Soe. Chem, Ind. (1893), 12, 107. 

£ Ibid, 418. 

1 Chem, News (1893), 68, 163. 

М Chem. Centrbl. (1894), IJ, 65, 318. 
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the reaciion is not as simple as Kohn and Fryer or Richardson believe it to he. 
He exeluded air by Working in an atmosphere of carbon dioxide and found that 
under these conditions the coloration was still produced iu the sunlight. Пе eould 
demonstrate no traces of hydrogen peroxide in the mixture. 

J. Walter 5 finds that the presence of iron salis increases the production of 
the red color. He attributes the coloration {о the action of hydrogen peroxide. 

L. Reuter ? has observed that by adding sulphur dioxide to phenol it сан be 
kont colorless for an almost unlimited period. Sinee the discoloration of phenol 
does not interfere with i application in medicine he recommends that, to avoid 
accidents, all phenol ђе uniformly, artificially colored rather than treated with 
preserving or decolorizing agents. 


ЕХРЕШМЕ: 


TATA 


‘The samples of phenol investigated were the purest crystallized products 
which could be obtained from various manufacturers, In this climate, 
where the sun’s actinic rays are so ve intense, they assume a brilliant 
red color very quickly; it is in fact difficult to preserve the white 
crystals after a bottle has been opened. Exceptional opportunities are 
here offered for the study of reactions which are al least in part due to 
the catalytic action of light rays. The prevailing temperature is 30° 
and the variations are within rather narrow limits. Many of the reagent 
bottles standing upon the shelves in a well-lighted laboratory give a 
distinct reaction for hydrogen peroxide, and whenever tests for hydrogen 
peroxide аге to he made the reagents employed must be purified and 
tested. Under these conditions appreciable amounts of the reaction 
products under investigation are produced in the minimum of пе. 

J have found that quinone, or a quinone derivative is the principal 
colored compound formed, although during the oxidation of phenol to 
quinone ii is to be expected that other substances will be produced, 


Cross, Bevan, and Пейегт® on oxidizing benzol with hydrogen peroxide, 
found the products to be phenol, catechol, quinol, and quinone. Martinon = 
demonstrated ibat phenol when oxidized with hydrogen peroxide produced cate- 
chol, quinone, and quinol. It is to be expected that the oxidation of phenol 
will produce the ortho and para derivatives and no mela compounds.” 


Quinoue dissolves in phenol, producing a brilliant red solution. А 
very small erystal dropped into liquid, colorless phenol reddens im- 
mediately upon striking the phenol and is slowly dissolved, producing 
the characteristic red solution. 


754. Soc, Chem, Ind, (1899), 18, 360. 

юру (1905), 24, 086. 

* Век. а. chem. Ges. (1900), 33, 2017. 

а Bull. Soc, Chim, Paris (1885), 43, 155. 

= Thiele, Ann. Chem. (Liebig) (1899), 306, 129, 
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Quinone and phenol condense readily forming phenoquinone to which Jackson 


and Oenslager™ have assigned the formula: 


HO OCH, 


~ 4 


. C,H,0 би. 


Wilstütter and DPiecard?* offer the eriüieism of this formula that it does 
not explain the color of the compound or iis iusiability. They suggest the 
graphic representation: 


=0...(OH}C,H, 
| 
| 


£0... (OH)C,H, 


in whieh the dotted lines are partial valenees. "This compound is very unstable. 
The dilute, aqueous, aleoholie and ligroin solutions are almost colorless aud in 
all probability the condensation product is decomposed ou solution in these solvents, 
On evaporating the solvents the red color yradually makes its appearance as 
the concentration increases. The aqueous solution reacts in such a way as to 
show the prescuce of quinone. 


Methods for separating small quantities of quinone from large quan- 
tities of phenol have ail proved unsatisfactory. In some cases the 
condensation product, phenoquiuone, if not already present will be 
produced, while in others quinone will be obtained by the breaking down 
of phenoquinone, if the latter is present. ‘The presence or absence of 
phenoquinoue in the solvent phenol can probably only be proved by 
physico-chemical methods whieh have not been adopted in this work. 

Samples of colorless phenol to which a few drops of water were added 
were placed in the sunlight in clear, glass bottles, the liquid half filling the 
bottle. ‘The samples reddened in a few hours and aller four days were 
so brilliant in color that an analysis was attempted. Other samples 
which had reddened upon the laboratory shelves upon long standing, 
were analyzed at the same time. | 

On pouring small quantities of the red phenol into ten or twenty 
times the volume of water, an almost colorless solution is formed. The 
samples whieh had reddeued upon long standing upon the luboratory 


? Ber, d. chem. Ges, (1895), 28, 1614. Ат. Chem. Jour, (1896), 18, 1. 
"Ber, а. chem. Ges. (1908), 41, 1464. 
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Shelves separaled a small quantity of an insoluble, red compound, while 
those which had been in the sunlight for four days formed a clear 
solution with no insoluble portion. The red precipitate was collected 
upon a filter. It was insoluble in water, very slightly so in ligroin and 
quite soluble in alcohol, forming a red solution, The compound, with 
the exception of the differences in the solubilities noted, behaves in the, 
same manner as phenoquinone, With alkalies it turns to a blue-green 
and with eoncentraied sulphuric acid it forms a brilliant blue-green color. 
The coloring qualitics of the substance are intense. A small amount 
dissolved in phenol or alcohol produces a brilliant ved solution. Ii is 
possible that this compound is ihe ortho modification of phenoquinone. 
Тре amounts obtained were so small that no analysis was made. 

Reactions for catechol were obtained from the clear solutious, which 
were almost colorless with a slightly yellow tinge. On addition of lead 
acetate a copious, white precipitate was formed. After treating this 
precipitate with sulplrurous acid and filtering, catechol was extracted 
with ether from the filtrate. On evaportion of the ether in а vacuum 
desiccator, crystals which were proved to be catechol by the ferrie chloride 
and sodium hydrogen carbonate reaction, separated. . 

On treating 20 cubie centimeters of the phenol which had reddened 
in the sunlight with a small quantity of sulphurous acid and distilling 
in steam until all of the phenol had passed over, the residue in the 
distilling flask was found to contain a very small amount of red precip- 
itate similar to that obtained from the old samples of phenol upon pouring 
iuto water. This was collecied upon a filter and was found to react 
with solvents, sodium hydroxide, and concentrated sulphurie acid in the 
same manner as the red compound separated from other samples. ‘The 
filtrate, upon extraction with ether, demonstrated that considerable 
quantities of catechol and quinol were also present, 

Quinone was demonstrated by the hydrocoerulignon reaction of Lie- 
bermann.** The coerulignon employed in this test was made by the 
method of Hofmann,” except that methyl sulphate was substituted for 
methyl iodide in the production of the dimethyl ether of pyrogallol It 
is to be noted that in the presence of considerable quantilies of phenol 
the cocrulignon precipitate has a reddish tinge and it does not under 
these conditions change readily to the steel-bluo color which is charac- 
teristic of these crystals. Since pure, white crystals of phenol in 
concentrated, aqueous solution fail to give any coloration whatever, 
while the red phenol immediately gives a distinct cleudiness which soon 
becomes red and extends downward throughout the solution, it is fairly 
safe to assume that the reaction is positive. When the red phenol is 


= пия (1877), 10, 1615. 
? Ibid. (1878), 11, 336. 
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dissolved in a very small quantity of water containing just enough 
polassium hydroxide go that the resulting solution is almost neutral, а 
copious precipitale of the steel-blue erystals of coerulignon is obtained 
on adding a drop of the hydrocoerulignon reagent. Tf the solution be- 
comes too alkaline through the addition of too much caustic alkali it 
. сап be made acid with acetic acid before the addition of the Liebermann 
reagent, Ап aqueous solution of phenoquinone will also give this reaction 
for quinone, the covrulignon crystals being very characteristic. This 
is to be expected from the fact that phenoquinone js a compound of 
slight stability. 
‘drogen peroxide has been found to react with hydrocoerulignon, 
producing the characterislic coerulignon crystals. The samples of red 
phenol which were found to react with the hydrocoerulignon reagent 
were tested for hydrogen peroxide and while traces were indicaled by 
both the vanadie acid and the titanic acid reactions, the amounts seem to 
be {оо small to account for so great an oxidation of hydrocoerulignon. 
Any considerable amount, of hydrogen peroxide would hardly be ex- 
pected io be present if it reacis with the phenol io produce oxidation 
products. 

One cubic centimeter of red phenol dissolved in about 15 cubic 
centimeters of water will liberate iodine from the potassium iodide 
reagent (potassium iodide dissolved in water with or without the 
addition of a little ferrous sulphate) as shown by the addition of starch 
solution. The blue color does not appear at once for the reason that 
the phenol reacts with the first portions of iodine set free, After some 
minutes, however, the blue starch compound is unmistakably present. 

Another method which is in some respects more satisfactory for 
producing the reaction, is the addition of 1 cubie centimeter of the red 
phenol through a pipette reaching to the bottom of a test tube containing 
the solution of potassium iodide and starch, with or without a trace of 
ferrous sulphate. Immediately above Ше red Jayer will appear the 
starch-iodine blue. On gently rotating the test tube the blue starch 
compound will float upward through the colorless reagent. Colorless 
erystals of phenol will not produce this reaction. While quinone will set 
jodime free from a solution of potassium iodide Из presence is not 
conclusively proved by this test for the reason that the hydrogen peroxide 
which may be present will produce the same reaction. 

If the theory ihat the red color is caused by a phenol solution, от 
condensation of the oxidation products of phenol, principally quinone, 
js correct, phenol in dilute solutions under the same conditions of 
moisture, oxygen, amd light rays should be oxidized and the solutions 
should be colored only by these oxidation products. Mixtures of ihe 


ekson and Oenslager, toe. cit. 
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following proportions were sealed in tubes and agitated in the sunlight 
at about 30? for seven days. ` 

1, Phenol 1 drop, chloroform 1 eubie centimeter and water 5 eubie centi- 
meters, d 


3. Phenol 1 drop, ehloroform 1 cubic centimeter and ры 


10 


sulphuric acid 5 
cubie centimeters, 
Р А 3 N А А 
3. Phenol 1 drop, chloroform 1 cubie centimeter and 10 sodium carbonate 5 


eubie centimeters. 


In each case the tube was half filled with liquid, the remaining space 
being ocenpied by ait. After a few hours in the sun the chloroform layers 
in each tube showed a yellow coloration. The aqueous layers in numbers 
land 2 were colorless, while that in number 3 was slightly yellow. The 
colors continued to deepen and at the end of one week, when the tubes 
were opened, the chloroform was a deep yellow and in numbers 1 and 2 
contained all the color, while in number 3 the yellow was equally 
distributed belween the two solvents. Quinone was found to be present 
in every iube. The remaining portions were too small to work with 
separately ` however, a composite mixture of ihe residues was found to 
contain catechol. It was to be expected in the tube number $ that the 
aqueous layer would also be colored for the reason that quinone in alkaline 
Solutions unites with oxygen to form more complex colored compounds, 
some of which are soluble in water, 

А mixture of 5 grams of phenol, 100 cubic centimeters of. chloroform, 
and 200 cubic centimeters of purified water, which had an electrical 
conductivity of 3.7X107, was agitated in a liter bottle for eight days 
at a temperature of 30°41°, The chloroform became yellow in one day 
and after eight days was a yellow-brown. On treating portions of the 
chloroform solution with sulphurous aeid and distilling in steam until 
the phenol was volatilized, the residua! solution was found to contain 
small quantities of quinol and calechol. ‘The aqueous portion of the 
reaction mixtures shows considerable quantities of hydrogen peroxide by 
the titanic and vanadie acid tesis and by the potassium dichromate and 
aniline reaction of Dach. ze 

In view of Bach's criticism of the statements of Kohn and Fryer (that 
the coloration of phenol requires oxygen, moisture and light rays), the 
experiments of Bach, in which he excluded oxygen by working in an 
atmosphere of carbon dioxide, were repeated and further extended by the 
employment of two other gases, hydrogen and nitrogen. 


vied ou in sealed tubes and the neces Y precantions 


h was desired, 


The experiments were e 
were taken to exclude all substances except those the presence of wi 
The hydrogen employed was generated in a steady, vapid stream by the aclion oi 


9 Compt. rend, Acad. а. ѕе., Par. (1804), 119, 1218, 


368 GIBBS. 


sulphuric acid on pure zine in а Kipp apparatus. From the generator it was 
passed through a Solution of pyrogallol in caustic potash, concentrated sulphuric 
acid, tubes of soda lime and calcium chloride, a combustion tube of copper turnings 
and copper gauze heated to redness and finally a wash bottle of pure, concentrated 
sulphuric acid, from which it was led directly into the tubes jn which the experi- 
ments were {о be conducted. 

The nitrogen was obtained by passing atmospheric air through five large wash 
bottles, each holding several liters of alkaline pyrogallol and then through the same 
train of apparatus used in purifying the hydrogen. Other indifferent gases of 
the atmosphere were, of course, present. The carbon dioxide was generated in a 
Kipp apparatus by the action of hydrochloric acid on marble. It was purified by 
passing through a calcium chloride tower and a wash bottle of pure concentrated 
sulphuric acid. 

The phenol used was а pure sample beautifully crystallized. The erystais were 
removed from the bottle by mcans of platinum tipped forceps and transferred 
directly to the glass iube through whieh a rapid current of gas was passing. The 
form of tube employed and the method of sealing in the required gas so as ta 
exelude all atmospherie air was that employed by Franklin? in his work with 
ammonia with the exceptions that no stopcocks were used on the tubes and at 
atmospheric temperature the interior of the sealed tubes were at atmospheric 
pressure. 


The following ten tubes aud по others comprise this invesligation : 


1. Phenol (about 2 grams), freshly boiled water 3 drops, sealed in a hydro- 
gen atmosphere. 
‚ П. Phenol (about 2 grams), freshly boiled water 1 cubie centimeter, heated 
to boiling in a hydrogen atmosphere and then sealed. 
IIL Same as 1, except sealed in nitrogen. 
ТУ. Same as 11, except sealed in nitrogen. 
У. Same аз 1, except sealed in carbon dioxide. 
УТ. Same as М, except sealed in carbon dioxide. 
VH. Phenol (about 2 grams), water 3 cubic centimeters, boiled in a carbon 
dioxide atmosphere and sealed, 
VIII. Phenol (about 3 grams), boiled in a carbon dioxide atmosphere and 
sealed. 
IX. Same as I, except sealed in atmospheric air. 
X. бате as П, except sealed in atmospheric air. 


"These tubes were then placed in the direct sunlight and constantly 
agitated by means of а mechanical dovice. 

Tubes IX and X showed a distinct color in a short time and were a 
light red color in two hours. ‘Ihe color, as nearly as can be judged by 
the eye, deepened constantly for about ten days. These two tubes are 
the only ones which show any color visible to the eye. At this writing 
they have been exposed to the sunlight for fifty-seven days. This work 
confirms that of Kohn and Fryer. 

Since phenol and moisture sealed in this way in an atmosphere of an 
indifferent gas will form a delicate test for the presence of oxygen, 
tubes V, VI, and VII produce evidence that carbon dioxide and water 


? J. Am. Chem. Вос. (1905), 27, 831. 
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do not react with each other in the presence of sunlight to form oxygen 
or hydrogen peroxide and other products according to the yon Baeyer 
assimilation hypothesis, Bach," however, states that he has produced 
this decomposition in the presence of uranium acetate by passing the gas 
into а воћціоп of the salt in ihe sunlight, obtaining formaldehyde 
and hydrogen peroxide as the products. Euhler? severely questions 
these results. The decomposition of carbon dioxide in the presence of 
water has been offected Бу Löb by means of the silent electric discharge, 
the products being carbon monoxide, oxygen, hydrogen peroxide, formic 
acid, and formaldehyde. It would thus appear аё {ле reaction between 
carbon dioxide and water requires the presence of a more powerful 
catalytic agent than sunlight. From the work of Kastle and others, 
it is evident that the presence of phenol, a peroxidase accelerator, would 
have a beneficia] effect upon such a reaction when once it is started. 


CRITICISMS OF SOME OF THE EARLIER WORK. 


While it may be possible that some of the impurities in phenol such as 
ammonia, thiophene, ereosol, parakresol, ete., muy cause a discoloration 
as slated by Miiller, Sicha, Meyke, Ebell, Hager, Kremel, Mylius, Fabini, 
and Bidet ; impurities, other than moisture and oxygen, do uot cause the 
coloration of pure phenol The oxygen of the atmosphere was thought 
by Падег and Ebell to produce the red color through its effect upon the 
impurities present and not upon tho phenol itself. Fabini, while he 
ascribes the action to hydrogen peroxide, also considers that impurities 
such as metallic salts and ammonia must be present. 

Although Kolm and Fryer, and later Richardson, proved the cause of 
the coloration io be hydrogen peroxide, the explanation of the mechanism 
of the reactions involved js not entered into by them, excepi that the 
former hint at the possibility of an indophenol heing present. The 
experimental proof upon which Bach bases his criticism of the work of 
Kohn and Fryer must be inaccurate. When he atlempted io exclude 
oxygen by working in an atmosphere of carbon dioxide it is highly 


` probable ibat he did not rigidly accomplish the desired result, or else 


other impurities were present. 

Because Bach failed to find hydrogen peroxide im the mixture of 
phenol, water, and earbon dioxide it can not be considered proved that 
available oxygen was not present to react with the phenol. It is very 
improbable that rosolie acid, corallin, or tropwolin as suggested by Hager 
have produced the color in the samples of phenol investigated by him, ' 


* Her. d. chem, Ges. (1894), 27, 340. 

У НАЧ. (1004), 37, 3414. Вас в answer, bid (1004), 37, 3985; (1009), 
39, 1672. 
3 Ztschr. f. elek, Chem, (19067, 12, 282. 
за 
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The phenerythrene of Fabini may well be phenoquinone or a derivative 
of quinone. The existence of the isophenol of Brunner, io which Boes 
ascribes the color, is problematical. 

Since quinone, produced by the oxidation of phenol, has been found 
to produce the major portion of the color in the samples examined by 
me, it is evident that shlphur dioxide as suggested by Renter, and 
stannous salts as mentioned by Kremel will retard the production of 
ihe colored compounds, while many other metallic salts, as stated by 
Sicha, Meyke, Hager, Kremel, Mylius, Fabini, Kohn and Fryer, and 
Walter will accelerate this phenomenon by reason of their tendency to 
increase the rate of oxidation. 

SUMMARY. 


The tendency which phenol has to assume a red color on standing has 
generally been attributed to impurities. While several workers have 
proved that pure phenol is colored in the presence of moisture, oxygen, 
and light rays or by hydrogen peroxide oxidation, no explanations of 
the reactions involved have been made. This work has proved the 
principal products to be quinone and catechol. The major portion of 
the color jn red phenol is produced by quinone or quinone derivatives 
in solution. The presence of the brilliant red condensation product, 
phenoquinone, is highly probable. 


| 
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~ ON THE DETECTION AND DETERMINATION OF 


COCONUT оц, 


By Н, D. Grens and F. Ааслонл. 


(From the Laboratory for the Investigation of Foods and Drugs, Burcan of 
Seience, Manila, P, 1.) 


Hodgson? describes what purports to be an accurate method for the 
detection and estimation of coconut oil when used as an adulteraut of 
bulter. He states that he has found “the quantity of oxygen required 
to oxidize a given quantity of the saponified fat, is, in the case of butter 
Tat, invariable.” а In the case of coconut oil he finds the quantity of 
oxygen requirod io vary considerably in ihe twenty samples * examined, 
but the largest amount required by any of the samples is much less than 
that used by an equal amount of butter fais Hodgson maintains that 
the composition of mixtures of coconut oil and butter fat has been 
accurately determined ° from ihis constant. 


The method employed consists in the oxidation of 20 eubie centimeters of a 


0.1 per cent aqueous solution of the saponified fat with M polissium perman- 


ganate solution, The oxidation is carried on at the temperature of 100? in 
the presence of а large oxeess of sulphuric acid and potassium permanganate. 
The proportions are 20 cubic centimeters of a 0.1 per cent solution of the products 


таа = d ; SIN ? " 
of saponification, 50 cubie centimeters of 10 potassium permanganate and 50 


cubie centimeters of a 50 per cent solution of sulphuric acid, This mixture is 
heated for thirty minutes at a temperature of 100° and the excess of potassium 


" у N ; M > 
permanganate titrated with 16 oxalic acid or ferrous ammonium sulphate. 


Results of remarkable uniformity were obtained with various mixtures of butter 
and coconut oil. 


‘Since the completion of this paper a number of investigators have found 
liodgson's method to be valueless. Рог the reason that no one has pointed out 
the real cause for its failure we are pevhaps justified in publishing our results, 
even though we are again proving the fall у of the method. We have been for 
some time experimenting upon coconut oil and our inve tions in other direc- 
tions than those chronicled here are being continued. 

2 Chem, News (1907), 96, 273, 288, and 297, 

bid, 273. 

‘Obtained in Birmingham, England. 

° Ibid, 288. 

* Ibid, 997. 
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In the hands of the wrilers this method has not only failed as a 
quantitative method for the estimation of coconut oil, but it has also 
failed to show any marked differences, which can be depended upon, 
between a number of different fats. The reason is easily found. 

The permanganic acid which is formed upon acidification of a potas- 
sium permanganate solution is readily decomposed on exposure to light 
or on gentle heating, with the separation of oxides of manganese and 
loss of oxygen. On boiling the evolution of oxygen is more rapid." 
Even а weak solution of permanganie acid continually evolves oxygen. 
Dammer? states that in the presence of an excess of sulphuric acid 
permanganie acid is reduced. 


Morse, Hopkins, and Walker? have found that permanganie acid and potassium 
permanganate are reduced by precipitated superoxide of manganese with the 
liberation of three-fifths of the active oxygen and that solutions of potassium 
permanganate аге more stable if freed from suspended oxide and kept in darkness 
or diffused light. Even pure solutions are decomposed in direct sunlight. Morse 
and Reese” state that they have “always found dilute, moderately acidified solu- 
tions of permanganate quite stable al ordinary temperatures, provided they were 
{тес from oxide,” and that the decomposition of permanganie acid by the peroxide, 
atiended by the liberation of oxygen, is a continuous reaction, which ceases only 
when all of the acid has been reduecd to the oxide. 


‘These references scem to have escaped the attention of Mr. Hodgson. 
ile mentions no precautions which were taken to purify his permanganate 
solutions, does nol speak of any decomposition of the permanganate aud 
altogether has no diilieulty in oblaining results, which in view of our 
knowledge of ihe behavior of permanganate solutions, ave without suffi- 
cient experimental foundation. 

Ross and Басе have found Hodgson's method to be “unworkable.” Their 
experiments have shown them that “sulphuric acid of the strength prescribed 
exerts under the conditions laid down a considerable action on potassium perman- 
ganate" and that “owing to the retention of the hydrated oxides of manganese by 
the insoluble fatty acids liberated on the addition of acid" difficulty was experienced 
in obtaining a good end point. Thompson and Tankard have found that the 
permanganate solution is attacked by the reagents used and pronounce the process 
“fundamentally unscientific and based upon error.” 


When ihe inethod of oxidation of the saponified fats is carried out 
according {о the described method, the Joss of active oxygen of the 
permanganate solution varies little iu the case of each of the fats and 
oils with which we have experimented and moreover this loss in active 
oxygen is about the same as when distilled water is used instead of the 
soap solutions. In one case the lost oxygen escapes into the atmosphere, 


7 Roscoe and Schorlemmer: Treatise on Chemistry (1900), 2, 919. 
* Handbuch der anorganischen Chemie (1893), 3, 251. 

? Ат. Слет. Jour, (1890), 18, 401. | 

19 Ат. Chem. Jour. (1898), 20, 526. 

п Chem. News (1908), 97, 110. 

за Chem. News (1908), 97, 146, 
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in {һе other it has some action проп the oxidizable organic matter 
present, The results recorded in the following table were obtained 
under uniform conditions and with permanganate solutions which were 
especially purified. All suspended oxides were removed by drawing the 
solution through a tightly packed asbestos filter 10 centimeters thick. 
A layer of oxides of manganese was visible on the top of {һе asbestos 
and at no point was the visible penetration greater than 1 millimeter, 


TABLE I.—Ocidation of fats with potassium permanganate solution. 


| Eo of | 1 
5 Oxy- H 
Latora- : per- ie jlabora- 
tory Samples. он | Дара il tory Samples. (аа 
Ка |gunatoi alent, 4 No. ganate alent, 
used. ; ' used. 


Butter 


| Тага 


1350.4 


119.6 
Jup: 
, 9.2 | 


16 * Coconut oil (rancid) __ 


39.6 | 125,4 
396.2 5 


; 58230 
EI 
| 


The varions fats and oils require different amounts of oxygen for 
their complete oxidation to carbon dioxide and water. The glycerol 
esters of four of the most commonly oecurriag fatty acids and glycerol 
itself would have theoretically the following oxygen numbers. 


The so-called oxygen equivalent is the grams of oxygen times 100 required 
for 1 gram of fat. 

* Different solutions of especially purified potassium permanganate were used 
to titrate some of the duplicates. Many other determinations, uniform with these 
and not recorded here, were made, d 
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ТАВЕ 11. 


Oxygen 
Fat. | equiv- 
alent. 

3 | 

196.7 
357.8 
289.6 
294.0 
121.6 


| 
| 
| 


The oxidation as carried out by the previously described method does 
not go ibis far. If the 0.1 per cent solution of the products of the 


saponification are oxidized with то potassium permanganale by the usual 


method of titration, the oxidation stops far short of complete production 
of carbon dioxide and water. A number of fais were treated by the 
following method: 


То 25 cubic centimeters of the 0.1 per cent solution afte 
added 25 eubie centimeters of 50 per cent sulphurie acid solution. The mixture was 


saponification, were 


kept at the boiling temperature and 10 potassium permanganate added gradually, 


until the pink color remained permanent for three minutes. The evaporated water 
жав replaced from time to time. Ап exeess of permanganate was always indieated 
by a small quantity of suspended partieles oi the oxides of mauganese. 


Fairly coucordant results were obtained. In Ше following table the 
averages of а number of determinations, and for comparison the iodine 


numbers, are given. 
Тане ПТ. 


i Permenga-| Oxygen Тодте 5 | 
| Хо, | Sample. mte, ec. jy каше. prend ! 
| в | Refined coconut ой .. 2h06 1 j 

32 | Coconut oi 24.0) j Sous 
` 55157 | Butter 39.681, { 
| 54452 йо... 37.44 } Ao | 
| спо butter 12.8 40.96 ! 
28 | Pili-nut oil 18.00 Я 
13! ! 
РЕЗЕ | 
21.8 | | 
24.4 5 | 

Linseed oil 29.9 

29 | Glycerol. | 


28.0 | 


ro 


* The iodine numbers are taken from Lewkowitsch, “Oils, Fats, and Waxes,” 
and from Leach, “Food Inspection and Analysis,” except the pili-nut ой and the 
Jards which are our own determinations. 
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It is readily seen that these results bear no relation to the amount of 
oxygen which would be required if the end products were carbon dioxide 
and water. They do, however, run parallel, in а measure, to the iodine 
numbers. We ean все nothing to be gained by the employment of such 
a method. The determination of the iodine number is easier of mani- 
pulation, requires less time, and is more accurate. The work in other 
directions is being continued. 


SUMMARY. 


We have demonstrated both experimentally and from the known 
behavior of potassium permanganate thal the method advanced by 
Hodgson for ihe determination of an “oxygen equivalent" for fats and 
oils has no theoretical or experimental foundation, 

The products of saponification of the different fats and oils do require 
varying amounts of potassium permanganate for iheir oxidation, These 
amounis ave, in a mensure, parallel to the iodine numbers, 


Cox: Laguna Carl Рл, Journ, Scr, Vou. Ш, No. 5. 
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